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The weldment shown above is one half of the base for a 300,000 
KW Steam Turbine...it weighs over 100 tons. This base, and the units 
shown at left, are typical of the thousands of Steel-Weld Fabri- 
cated parts and assemblies produced by Mahon each year for 
manufacturers of processing machinery, machine tools, and other 
types of heavy mechanical equipment. Are you taking full advan- 
tage of the economies offered by welded steel components in 
your products? In the design of almost any type of heavy machinery, 
or mechanical engineering project, there are parts and sub- 
.ssemblies that can be produced more economically and more 
satisfactorily in welded steel . . . because, in weldments you get 
greater strength with less weight, plus the additional advantages of 
greater rigidity and 100% predictability. When you consider 
weldments, you will want to discuss your requirements with Mahon 
engineers, because, in the Mahon organization you will find a 
unique source for weldments or welded steel in any form...a 
fully responsible source with complete facilities for design engineer- 
ing, fabricating, machining and assembling . . . a source where 
design skill is backed-up by craftsmanship which assures you a finer 
appearing product embodying every advantage of Steel-Weld 
Fabrication. See Sweet's Product Design File for informa- 
tion, or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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In rough sea, stabilized ship (A) extends fins to halt roll. 

It holds course without reducing speed. Unstabilized ship (B) 
rolls and is forced to cut speed. First two commercial instal- 
lations of the Gyrofin are on the Matson Lines, Mariposa 
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Imagine ~smoothing ou 


When the sea plays rough, it shows 
no respect for a ship. 


But the days of rock ’n’ roll — 
seagoing variety — are numbered. 


Credit this to an amazing device. 
It’s Sperry’s new Gyrofin® Ship 
Stabilizer, almost human in the way 
it outwits rough weather. 


Two fins, only 14 feet long, help to 
hold a 20,000-ton ship smooth and 
steady on her course. They elimi- 
nate up to 90% of roll that might 
shift cargo or slow speed. 

Opposing a raging sea puts a ter- 
rific strain on these fins, of course. 
The 6,000 foot-tons of “lift” they 
deliver may change direction every 
two seconds! 


That’s why Sperry chose strong, cor- 


rosion-resisting nickel-copper alloys 
for so many vital parts. The fin flap 
“hinge pins” — 14 feet long but 
only 4 inches in diameter — are 
“K” Monel* age-hardenable nickel- 
copper alloy. Spacer ring “washers” 
..» Monel* nickel-copper alloy. Fin 
control surfaces ... welded Monel 
overlay. 


Do you have a metal problem? Con- 
sider Inco Nickel Alloys. Their 
many useful properties and applica- 
tions are described in Standard 
Alloys for Special Problems. Write 
for a copy today. 


67 Wall Street 
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TRADE MARK 


and Monterey. Randolph Sevier, President of Matson Lines, 
says, “In addition to added passenger comfort, we expect 
to realize savings in fuel and time because the ships will 
be able to maintain course and speed in heavy weather.” 


Remember, when you buy 


INCO NICKE 
INCO+ SERVICES 


Whenever you are looking for answers to 
your metal problems, all the information 
and help we can give you are yours for the 
asking. For instance... 

+t Corrosion Service 

+ High Temperature Service 

+ Fabrication Help 

+ Foundry Service 

+ Field Information Centers 

+ Convenient Sales & Service 

+ Technical Publications 


THE INTERNATIONAL NICKEL COMPANY, INC. 


New York 5, N. Y. 


Nickel Alloys Perform Better, Longer 


For more information, turn to Reader Service card, circle No. 434 
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YYIIVILIA 1 MATERIAL: 


... AT A GLANCE 


INORGANIC ELASTOMER SYSTEMS, still in the basic research stage, may be 
the high temperature rubbers of tomorrow. Among the most promising 
are the boron=phosphorus, nitrogen=phosphorus and chelate 
polymer systems. (See article on page 90 for further details). 


AN IMPROVED ULTRA HIGH STRENGTH STEEL is said to have greater strength 
at elevated temperatures than any other ultra nigh strength steel 
yet produced. According to the producer, the steel can be easily 
formed, welded and machined. It is recommended for aircraft landing 

gears, engine mounts and fasteners. 


TWO NEW SILICONE RUBBERS have been developed for use at temperatures of 
600 F. Both rubbers are designed primarily for cloth coating and 
are said to have good bond strength and low compression set. They 
are currently available in commercial quantities for such 
applications as aircraft hose and ductwork. 





j : RAYON-REINFORCED PAPER is now commercially available. The rayon 
reinforcement is said to give strength to the paper in all directions 
and to make it puncture resistant. It is presently being used in 
mail sacks, shrouds, tarpaulins, temporary barriers, tents and 
awnings. 


RADIATION RESISTANT CERAMIC PELLETS are being used as nuclear fuel 
elements. Unlike metallic fuel elements, ceramic elements do not 
grow and become distorted under intense irradiation. Other 
advantages of ceramic fuel elements are their ability to withstand 
high temperatures and their excellent resistance to corrosion in 

’ water. 


‘ A BETTER HIGH TEMPERATURE COATING based on a new Silicone resin is 

. said to provide much greater gloss retention after long exposure 
than previously possible. Cured films of the resin are claimed to 
be nonyellowing and to show excellent adhesion, flexibility, and 
resistance to moisture and many common chemicals. The resin is 
designed auemdaas for use in wre and Sr ee finishes. 


— 


REINFORCED PLASTICS are finding wide x alan : peabats ian missiles. For 
short, one-shot operations, the temperature tolerance of 
reinforced plastics parts is said to often exceed that of metallic 
counterparts. The advantages listed for use of reinforced plastics 

“ in rockets include: ease of fabrication into complex parts; use 
of noneritical materials; and good resistance: to solvents and 
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fuels. Some typical reinforced plastics parts used in rockets are 
liners, baffles, cones and deflectors 


ALUMINUM COATINGS are being successfully applied to magnesium by a 
new vapor plating technique. Recent work with high purity aluminum 
Shows that it is very promising as a protective coating for 
magnesium parts operating in a corrosive atmosphere. No satis- 
factory method existed for applying the coating until the new vapor a 
plating technique was. developed. © ; e 


ici dscns Maat ic 3 as Sete 


SINTERED TITANIUM POWDERS are said to have the same excellent high 
temperature strength and. Stability of sintered aluminum powders, | 
with the added advantage of having higher melting points. (The ‘ 
relatively low melting point of SAP-type materials limits their 
use in many high temperature applications.) The new titanium 
powders are not commercially available at present. 


SILICONE DYES FOR.COLORING GLASS CLOTH have recently been developed. 
With these dyes it is possible tv give dark and permanent colors 
to glass cloth. Formerly, glass cloth had to be coated before 
dyeing and the color, at best, was semipermanent and limited to 
pastel shades. : = 


A NEW ALUMINUM ALLOY FOR BRIGHT ANODIZING has been developed in 
Britain. The aluminum alloy containing 1-1/3% magneSium, is said 
to combine good brightening characteristics with high strength. 
The alloy is recommended for use in anodizing decorative wares, 
home appliances and automotive trim. 


NEW HIGH STRENGTH CERAMICS can be formed by any of the conventional ' 
glass-forming techniques. Crystallized glass in nature, the 
materials have an excellent strength-weight ratio, are extremely 
Hara, and have excellent thermal shock resistance and dielectric 
properties. They retain most mechanical properties up to 1300 F. 
(See page 142 for more details.) 


INEXPENSIVE PHENOLIC FOAMS are’ possible with a new foam-in-place 
technique. According to the producer, it is possible to produce a 
‘phenolic foam of controlled density by carefully mixing measured 
amounts of phenolic resin and catalyst together. The new technique 

da paouwersi on of NeeCe resin tanto infusible 
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\PPHIRES are now commercially available. The 
re said to be competitive in price with sintered . 
aldaetians and una? a disk 3 in. in dia and 1/8 in. thick costs 
about $135. ° ‘Synthetic sapphires, having extreme hardness and 
‘good résistance’to acids and alkalies, are currently used as 
radiation pipes, bakl: points for pens, and phonograph needles. 


Turn to page 141 for more “What’s New in Materials.” 
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Do you get the same performance 
E you buy? 
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BRIEFS 


Lettuce Not Wilt 

An electric aluminum § sheet 
crisping tray keeps foods crisp in 
wet weather. The tray, 10 x 14 
in., uses 18 w of electricity. 


Nickel in a Sweat 

Corrosion resistant, small diam- 
eter nickel tubing is used to make 
hinges on the nose piece of eye 
glasses. Plain carbon _ steels, 
formerly used for this applica- 
tion, are attacked by perspiration. 


A New Wrinkle 

A new device measures the num- 
ber and size of wrinkles in any 
fabric. A pointer “feels” a fabric 
and deflects a light beam, giving 
a direct voltmeter reading of the 
number of wrinkles in the fabric. 


Hair Raising Climb 

A lightweight plastics ladder 
resists the shock of 120,000 v of 
electricity. Made of glass fiber- 
reinforced polyester resin molded 
over a balsa wood core, the ladder 
is ideal for use in power and 
electrical work. 


Rain, Rain, Go Away 

A “whirling arm” studies the 
effects of rain on materials 
traveling at high speeds. Chro- 
mium and nickel-containing alloys 
show the greatest resistance to 
rain erosion. The average life of 
most plastics and synthetic rub- 
ber coatings is approximately 30 
sec at 500 mph in 1 in. per hr 
rainfall. 


Big Mouth 

A power shovel as high as a 
16-story building contains 117 
tons of alloy steel castings. One 
Scoop of its bucket can fill two 


railroad hopper cars with coal. 





from every lot of BRONZ 
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if you buy bronze from Federated, you can be sure that you'll 
get exactly what you've ordered...that you will get the same 
performance out of each lot: 


Every single heat of bronze or brass made by Federated under- 
goes rigorous spectrographic or chemical testing. Alloys that do not 
exactly meet specifications are never sold. 


Moreover, you'll get exactly the same SAE, ASTM or Military 
Specification bronze every time, whether you buy daily, weekly, or 
just once in a while. Your customers know exactly what to expect 
from their castings. Your ability to produce castings of identical 
quality year after year will bring you business. 


Quality control at Federated is under the supervision of trained 
metallurgists, and you pay nothing extra for the advantages this 
quality control brings you. 


A Federated field man will be in to see you soon. Talk to him 
about metal quality. It will benefit you. 
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Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway + New York 5, N.Y. 


In Canada: Federated Metais Canada, Ltd., Toronto and Montreal 
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9 times out of 10... 











Before you order a “‘special’’ welding electrode, 
ask your Mallory welding distributor to check 
your requirements against hundreds of standard 
Mallory tips. Chances are he’ll be able to find 
exactly the shape and size you need. And he can 
deliver it promptly—at standard price! 


The Mallory standard electrode line is the widest 
anywhere. It includes straight electrodes with 
many nose shapes, tapers and lengths... scores 
of models of single and double bent electrodes, 
cold forged for extra hardness and life... cast 
and forged offset types in unusual shapes. 
Designs include exclusive Mallory features for 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd., 
110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Standard Mallory Tips Fit Your 
Special Resistance Welding Jobs 


extra service ...such as the patented Mallory 
fluted cooling hole, and bent-in-place cooling 
tubes. Our electrodes are made with alloys 
developed during more than thirty years of 
pioneering in resistance welding materials. 


And for that rare job that really needs special 
treatment, call on Mallory to design and make 
the custom-tailored electrodes that will give peak 
economy on your machines. 


For prompt service and valuable help, see your 


local Mallory Welding Distributor. Write for the 
name of the one serving your area. 


OVER 30 YEARS OF RESISTANCE WELDING LEADERSHIP 


|P.R.MALLORY &CO. Inc 





Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 





P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


For more information, turn to Reader Service card, circle No. 388 
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New 


and interesting 


applications 
: of engineering . « » 250-ton hook, which will be used to lift a much 
materials heavier and less attractive load. 


Hooks for ladle crane 
made of laminated steel plate 


This 250-ton hook is one of two used on what is 
claimed to be the world’s largest ladle crane. Designed 
and manufactured by Morgan Engineering Co., the 
500-ton-capacity crane weighs 1,841,000 lb; is driven 
by 11 electric motors (1685 hp); is reeved with 1% 
miles of steel wire rope or cable; and handles a ladle 
that has a 17 ft top dia, and ‘s 17 ft, 3% in. high. 

The ladle hooks are 17 ft, 5 in. long, 7 ft, 3 in. 
wide and 12% in. thick. They are composed of four 
%-in. and nine 1-in. thick laminated steel plates held 
together with 1%-in. dia rivets. The two hooks have 

. a combined weight of 68,000 Ib. 

Outstanding advantage of the new crane, which 
will be used in steel mills, is that it reduces from 
three to one the trips necessary from furnace to mold 

to complete a given pour. 
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Eastman Chemical Products, Inc. 








Aluminum emblems 
cold forged in one piece 


One-piece construction makes these 
aluminum coined letters, emblems 
and script plates easy to install. 
Manufactured by Etched Products 
Corp., the lug is cold forged from the 
plate, making the lug and plate one 
integral unit (see cross section). As 
a result, the lugs can be easily turned 
or used with any standard fasteners 
and they may be any size or shape. 
They can be anodized in any color. 


Uranium and music too! 


A tough, impact resistant butyrate case is used to 
house the latest appliance developed as a result of 
the atomic age. The device, called the Cae Lodestar 
and manufactured by Canadian Aviation Electronics 
Ltd., is a combination Geiger counter and portable 
radio. 

Operated like a conventional radio, the device will 
either flash a light or produce a clicking noise in the 
presence of uranium or other radioactive material. 
In the meantime, there’s music. 

Cellulose acetate butyrate was selected because of 
of its light weight (the complete unit weighs less 
than 5 Ib), durability and ease of molding. 








Nylon aerosol containers 


These aerosol containers blow molded of Du Pont’s cation produces an extremely durable one-piece bottle. 
new Zytel 42 nylon resin (see M&M, Feb ’57, p 154) 


According to Du Pont, the material maintains form 
have so effectively combined strength, beauty and 


pip ; stability at high temperatures, has extremely high 
utility that they are being used for cosmetics, phar- ; gc ae : ‘ : : 
maceuticals and other personal items. impact strength, is light in weight, and is resistant 

In addition to the fact that blow molding makes to most chemicals and solvents. The aerosol ccn- 
possible a wide variety of shapes, this type of fabri- tainers are available in many colors. 


1192 Ne SU So Tay 


Rubber converts boxcar into semi-trailer 





B. F. Goodrich Co. 


About 48 lb of rubber and 
an ingenious design are making 
possible the conversion of Chesa- 
peake and Ohio railway freight 
cars into highway bound semi- 
trailers, and vice versa. 

The vehicle, called Railvan, is 
equipped with both rail wheels 
and highway wheels. The arms 
supporting both sets of wheels 
are attached to the outer casing 
of a special spring, which con- 
sists of a rubber tube bonded to 
an inner, stationary metal tube 
and a movable outer metal 
sleeve. Deflection of the rubber 
provides the necessary elasticity, 
and a motor-driven gear train 
transfers the wheels from high- 
way position to rail position or 
vice versa in about 30 sec. 
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80-Ib steel screws 
are precision cut 


Hexagonal socket-head cap 
screws measuring 4% in. in dia 
and weighing 80 lb each are 
machined from high-carbon chro- 
mium-molybdenum steel for use 
in the supersonic nozzle assembly 
of the largest propulsion wind 
tunnel in the United States, pres- 
ently being constructed for the 
Air Force. 

The king-size screws, fabricated 
by Cleveland Cap Screw Co., are 
made in two lengths: 10% and 
9% in. Despite the size of the 
screws, the threads are cut to the 
finest commercial tolerance (Class 
3). 

The screws are fabricated by 
first machining heads and shanks. 
After threads are formed, the 
screws are heat treated to a Rock- 
well C hardness of 38-42 and then 
ground on cylindrical grinders to 
a 82-microinch finish. They are 
then silver plated over a nickel 
undercoat. 
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TAKE A CLOSE LOOK AT THE FULL LINE OF RCI 


* PLYOPHEN 


* PHENOLIC RESINS 


@® When your production calls for p enolics, be sure you call Reichhold—where a full 
line of RCI PLYOPHENSs is available fo 
requirements @ RCI offers you morét 
















our bonding, laminating, impregnating or casting 
an 40 individual PLYOPHENS—including both liquids 
and powders @ For full informati¢ ow RCI intel can best serve your individual 


needs, clip and mail the check li ew. Technical infor n will be sentto you promptly. 
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REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives 
Phenol.« Formaldehyde « Glycerine « Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid « Sodium Sulfite « Pentaerythritol 
Pentachlorophenol e Sulfuric Acid 


Creative 
Chemistry... 
Your Partner 
in Progress 









REICHHOLD CHEMICALS, INC., 
RC! BUILDING, WHITE PLAINS, N.Y. 





For more information, turn te Reader Service card, circle No. 492 
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IF you've 
designed 
yourself 
intoa 
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PERHAPS EXTREME HIGH AND LOW 
TEMPERATURE SILICONE PARTS 
BY STALWART WILL GET YOU OUT 





The unusual qualities of silicone rubber compounds 
offer opportunities for simpler, more compact designs 
... Smaller, lighter units that require less costly material 
and labor. Stalwart-engineered silicone rubber parts can 
be used in a wide range of applications involving 
temperature extremes from —130° to +600° F. with 
virtually no change in their physical, chemical and 
dielectric properties. 

Stalwart’s engineers and modern production facilities 
are prepared to produce an unlimited variety of precision 
molded, extruded, automatic and hand cut parts to 


customer specifications. Why not write us today about 
your specific problem. 


For turther information write 
for Bulletin 56-SR-3 


TALWART 


RUBBER COMPANY 


Manufacturing plants in Bedford, Ohio and 
sper, Georgia. Main offices at 165 North- 


Ja 
field Road, Bedford, Ohio 1573-SR 


For more information, turn to Reader Service card, circle No. 509 
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We lost our bearings 
To the Editor: 

My article “Aluminum-Tin Bearings,” published 
in the June issue of MATERIALS & METHODS, was 
printed with an error in Fig 3, p 113. The curves 
at the top which are now labelled “Lubral” should 
be labelled “T.R.I.” The curves in the middle should 
be labelled “Lubral” and the lower curves “Titanium- 
containing alloy.” 

As Fig 3 now stands it makes high tin bearings 
appear to give higher wear than the other types. 

E. C. ELLWooD 
Chief Metallurgist 
Tin Research Institute 
Middlesex, England 


We regret that the labelling of curves in the orig- 
inal manuscript was misinterpreted and advise our 
readers to take note of the correction. 


The tin market... 


To the Editor: 

The prices and supply outlook written by Her- 
man B. Director for your May issue, page 284, con- 
tains inaccuracies of such seriousness as to warrant 
correction. We refer specifically to the paragraph on 
tin. 

Initially, there is no “world tin cartel.” Pres- 
ently six countries produce the bulk of the world’s 
tin— Malaya, Indonesia, Bolivia, Belgian Congo, 
Thailand and Nigeria. Of these, Malaya, alone pro- 
vides over two-thirds of America’s needs. And in 
Malaya tin ore is mined by companies capitalized 
from all over the world. 

Secondly, it was on March 23 that the Inter- 
national Tin Council, not the Tin Producers Assn., 
agreed unanimously to alter the authority of its 
Buffer Stock Manager as to buying and selling. 

Thirdly, this same International Tin Council 
consists of the governments of Australia, Belgian 
Congo, Belgium, Bolivia, Canada, Denmark, France, 
India, Indonesia, Italy, Malaya, Netherlands, Nigeria, 
Spain, Thailand, Turkey and the United Kingdom. 
These include consumers as well as producers. The 
Buffer Stock Manager is an employee of all these 
governments, producers and consumers of tin alike, 
and not of “the producers buying agency.” 

Fourthly, the new levels of authority for the 
Manager range as follows (prices in U.S. dollars) : 


Old New 
Must buy ..... .80 91% 
May buy ..... .90 97% 
Neutral ...... .90-1.00 .97%-1.03% 
May sell ...... 1.00 1.03%4—1.10 
Must sell ..... 1.10 1.10 


As a result, the Manager on recent markets has had 
the opportunity of buying tin. At the old 80-90¢ level 
this was not possible, for the open market, operating 





See 













fatigue-proof. 


a < / 
/ 
STEEL BARS | 


~ 
ee / 
™~ 
~ 
~ 













MADE BY PROCESS 


Elevated —" at 


HAVE A UNIQUE COMBINATION OF 


| uniform properties 


HIGH STRENGTH, MACHINABILITY, 
RESISTANCE TO WEAR AND FATIGUE, 
DIMENSIONAL STABILITY 























The microscope shows the uniformity of FATIGUE-PROOF. 
Its uniformly pearlitic structure parallels its uniformity of prop- 
erties from the surface to the center of the bar. 


FATIGUE-PROOF strength and hardness are developed by 
“e.t.d.” (Elevated Temperature Drawing). Unlike quenching 
and tempering, its effect is the same from surface to the center 
of the bar. It works a large bar as uniformly as it does a small bar. rs waht . 
‘ There is no mass effect. ¢, e a (Bi cl ness Number! 


obi) 


a a 


The microscope proves it. Surface, center, or mid-radius, 
FATIGUE-PROOF is pearlitic. There are no mixtures of bainite, 
martensite, and pearlite. FATIGUE-PROOF is uniform bar to 
: bar, size to size, and loi to lot. 


T. M.—Trade-marks of La Salle Steel Company 









JUST PUBLISHED — Request your copy of 24-page brochure, "A new 1%" round FATIGUE-PROOF. Magnification: 750X 


material” ... it tells the complete story of FATIGUE-PROOF. 











Name 

Company La Salle STEEL CO. 
Address. 1418 150th Street * Hammond, Indiana 
City. —_Zone__State. 








Manufacturers of America’s Most Complete Line 
2 of Quality Cold-Finished Steels Bars 


For more information, turn to Reader Servic card, circle No. 515 
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_ Here’ s an adult record made by 
a | vigorous scat 





















Nearly 19 years ago 
ADVANCE was asked 
to undertake the pro- 

duction of this bracket for an in- 

dustrial and home-workshop tool 
manufacturer. 


Since that time hundreds of 
thousands of these CERTIFIED 
Zinc Die Castings have been hes 
produced ... and this husky ts 
teen-ager is still going strong! i. 


For longevity in die construction 
and continuous production in die 
castings CONSULT ADVANCE! 


~ Gar ~ 






ADVANCE operates 
under the CERTIFIED 
ZINC PLAN of 


The American Die 
: Casting Institute. 


ADVANCE 


TOOL AND DIE 
CASTING CO. 


3760 N. Holton St 
Milwaukee 12, Wis 






For more information, turn to Reader Service card, circle No. 377 
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under the law of demand and supply, had established 
prices in excess of that. At the more realistic new 
levels, the Manager can buy tin, to be sold when 
prices should rise above $1.03%. In fact then, this 
International Tin Council is protecting the American 
consumer by limiting the ceiling price of tin and 
reducing the likelihood of sharp price rises. 

Lastly, it must be remembered that tin modifies 
the prices of packaging materials to a lesser degree 
than other raw materials. 


R. D. COURSEN 
Deputy Director 
Malayan Tin Bureau 
Washington, D. C. 


... anda rebuttal 


To the Editor: 

Our choice of the words “world tin cartel” is 
perhaps unfortunate. However, it is generally con- 
ceded that the principal task facing the “Buffer 
Stock Scheme ” is to regulate the price of tin. The 
fact that the Tin Council contains governments as 
well as producers and some consumers of tin does 
not alter the basic price regulating purpose of this 
voluntary combination. 

The United States, which is by far the largest 
consumer of tin in the world, is not a member of 
the Tin Council, nor does the United States partici- 
pate in any of the activities of the Buffer Stock 
Scheme, although U. S. consumers are most directly 
affected by the activities of both the Tin Council and 
its agent, the Buffer Stock Manager. We doubt that 
the consumer voice is prominently heard in the 
Tin Council even though the United Kingdom, which 
possesses over 40% of the votes, is a consumer. 
A. Strauss and Co., Ltd., which is recognized as the 
world’s leading authority in the tin market, states 
with respect to the United Kingdom in its Jan ’57 
bulletin that “in view of this country’s interest in 
the welfare of Malaya it is probable that she will 
approach the problem from a producer’s rather than 
a consumer’s angle.” 

Actions taken by the Buffer Stock Manager thus 
far seem to indicate that the principal concern of 
this Scheme is to forestall a severe drop in price. 
The Tin Council recently agreed to raise the “floor 
level” at which the Buffer Stock Manager may enter 
the market to purchase tin. Published reports from 
the United Kingdom indicate that the current price 
of tin is being supported by purchases for the Buffer 
Stock inventory. 

It remains to be seen whether the Buffer Stock 
Manager will act to sell tin in the event prices begin 
to move upward. Action on the part of producers to 
stop an increase in the price of tin would indeed be 
an unusual and courageous step. 

Personally, we would prefer to see the price of 
tin regulated by supply and demand conditions rather 
than by a combination of governments, producers, 
consumers or anybody else. 


HERMAN B. DIRECTOR 


Consultant 
Washington, D. C. 
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Our job: helping you select materiais 


With this month’s issue our 
name officially becomes MATE- 
RIALS IN DESIGN ENGINEERING. 
Last month (p 101) we ex- 
plained why we decided to 
drop the name “Materials & 
Methods” in favor of our new 
title. This month we want to 
explain what MATERIALS IN 
DESIGN ENGINEERING means, 
and show how it fits our long 
established editorial objectives. 


What ‘Materials’ means 

The research conducted to 
find the most suitable name for 
the magazine revealed that the 
meaning of the word materials 
depends a lot on who is doing 
the defining. It was found that 
the average man or woman on 
the street thinks of materials 
as various types of fabrics. To 
others who have a casual or in- 
direct acquaintance or connec- 
tion with industrial activities, 
the word materials often brings 
to mind chemicals, concrete and 
other building or construction 
materials. 

But none of these things is 
what we mean by the word 
materials. The materials our 
title refers to are those which 
engineers and designers work 
with, select and specify for 
manufactured products. Tech- 
nical men frequently refer to 





them as engineering materials. 

They include the thousands of 

ferrous and nonferrous metals 

and alloys, as well as the thou- 

sands of nonmetallics such as 

plastics, rubber, and ceramics 
just to mention a few. 

But our use of the word 
materials (and engineering ma- 
terials) goes beyond the basic 
materials themselves. The .de- 
signer or engineer seldom se- 
lects a material without also 
specifying the form in which 
it is to be used or produced. 
For example, he doesn’t select 
or design with a plastics resin, 
but rather designs in terms of 
a plastics molding, extrusion or 
some other form, It is because 
of this close interconnection 
between basic materials and 
their forms that we include 
forms — castings, forgings, 
moldings and all the others— 
in our definition of materials. 

In our definition of materials 
we also include finishes and 
coatings. This/is a natural and 
logical addition, since the engi- 
neer and designer who selects 
a material and its’ form must 
also specify its surface. Whe- 
ther the surface is integral 
with the base material, as in 
the case of conversion coatings, 
or applied, such as paints and 
electroplates, the surface actu- 





ally is or functions as an engi- 
neering material with its own 
set of characteristics. 


What ‘Design Engineering’ 
means 

In recent years design engi- 
neering has come to be well 
recognized as the broad field of 
technology encompassing all of 
the great many activities that 
go into the planning, designing 
and engineering of fabricated 
products. One of the most im- 
portant parts of the design en- 
gineering job is searching for 
and finally selecting the best 
materials for products. This 
selection task begins early. in 
the initial design stages. “It 
continues through all of the 
product planning, engineering 
and testing phases. And the 
task does not end until all the 
problems associated with proc- 
essing or fabricating the ma- 
terials into the product are 
solved. 

Our magazine is devoted ex- 
clusively to this materials se- 
lection function, and over the 
years we have come to be rec- 
ognized as the materials maga- 
zine of the design engineering 
field. It is therefore appropri- 
ate that our new name should 
be MATERIALS IN DESIGN ENGI- 


NEERING. 
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A SPECIAL REPORT 


The Fluoro-Elastomers: 


Latest Weapon Against Heat and Fluids 


This exclusive report compares and summarizes data just released on the five fluorinated 
elastomers, the newest family of rubbers developed to withstand corrosive fluids and 


extremes of temperature. 


by Malcolm W. Riley, Associate Editor, Materials in Design Engineering 





Northrop Aircraft Inc. 
Critical demands for chemical and high temperature stability in today’s 
aircraft have stimulated much of the work on fluorinated elastomers. 


Vernay Laboratories, Inc. 











@ The important features of the 
fluoro-elastomers are resistance to 
fluids and extremes of tempera- 
ture. Previously, silicones were the 
only elastomers usable in the 400 
to 500 F 
relatively poor resistance to many 
fluids encountered in aircraft and 
in chemical processing equipment. 
The fluoro-elastomers couple good 
thermal stability with good resist- 
ance to these fluids. 

The five fluoro-elastomers are in 
varying development 
(see box). Some are in extremely 
limited supply, and some are un- 
obtainable as yet. This article 
gives the engineering information 
now available on each material 
both to help in selecting an elasto- 
mer for present use, and to indi- 
cate what can be expected in the 
near future. 


range, and these had 


stages of 


Kel-F Elastomer 

There are two grades of Kel-F 
Elastomer: 1) grade 3700, the 
general purpose grade, with good 
mechanical properties, thermal 
stability, and resistance to fuels, 
lubricants and mineral acids; and 
2) grade 5500, particularly recom- 
mended for exposure to strong 
oxidants, such as red and white 
fuming nitric acids. Blends of 


Precision molded parts, 
such as these diaphragms, o- 
rings and lip seals, can be pro- 
duced in Kel-F Elastomer. 
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vrade 5500 and Kel-F Resin 800 
fer maximum resistance to at- 
ack and penetration by these oxi- 
lants. A latex has also been de- 
eloped recently and is available 
n limited experimental quantities. 

The two most common Kel-F 
Elastomer compounds are grade 
5500 with a peroxide cure, and 
yrade 3700 with a HMDA (hexa- 
methylene diamine) cure. Typical 
properties of these two vulcani- 
zates are shown in Table 1. 

The elastomer has good ozone 
and weather resistance. No change 
in physicals or appearance occurs 
after seven-day exposure in an 
oxygen bomb at 300 psi and 158 F. 
No change in physicals occurs and 
no surface defects appear during 
6-hr exposure at 30% elongation. 
After 100-hr exposure to ultra- 
violet light in an Atlas Fadometer, 
there is a slight increase in ten- 
sile, but no change in elongation 
or hardness. After one-year out- 
door exposure in an_ industrial 
atmosphere, no change in physi- 
cals occurs. 

Mechanical properties 

Among chemical and heat re- 
sistant rubbers, these elastomers 
are notable for tensile strengths 
of 1600 to 3500 psi, extensibility 
of 300 to 600%, and tear strengths 
of 150 to 400 lb per in. Modulus, 
hardness and tear strength of 
vulcanizates can be improved by 
use of fillers such as finely divided 
silica or carbon black. Effects of 
fillers in improving mechanical 
properties are shown in Table 2. 
Silica is especially useful in that 
it increases modulus, tear strength 
and hardness without appreciably 
affecting tensile strength or elon- 
gation. Silica-filled stocks show 
good retention of physical proper- 
ties after air aging at 400 F. Also, 
silica’s inherent chemical inert- 
ness and low moisture absorption 
make it attractive for chemical 
and electrical applications. 

Fabric reinforcement such as 
cotton, nylon, polyester or tet- 
rafluoroethylene, can give even 
greater mechanical strength than 
obtainable with fillers. 

Heat resistance 

Properly compounded, Kel-F 

Elastomers retain physical proper- 








Kel-F Elastomer 

Produced by Jersey City 
Chemical Div., Minnesota Min- 
ing and Mfg. Co., the material 
is a copolymer of chlorotrifluoro- 
ethylene and vinylidene fluoride. 
The two grades are available 
commercially, and hold interest 
for —60 to 400 F applications, 
especially in contact with fuels. 
They are, to date, practically 
the only elastomers suitable for 
prolonged use with red fuming 
nitric acid (RFNA). 


Silastic LS-53 

Produced by Dow Corning 
Corp., the material is a fluoro- 
alkyl silicone rubber. It is avail- 
able in limited experimental 
quantities and is a medium low 
temperature, fuel resistant sili- 
cone rubber with a —90 to 400 F 
service range. It holds a great 
deal of interest for the Air 
Force, perhaps because it repre- 
sents the first of the family of 
fluorinated silicones. 


Fluoro-Rubber 1F4 and 2F4 
Produced by Minnesota Min- 
ing and Mfg. Co., the materials 
are perfluorobutyl acrylate rub- 
bers. 1F4 is a specification ma- 
terial available in pilot plant 
quantities. It retains useful rub- 
bery properties from 12 to 450 F 
when exposed to diester type 








A Summary of the Five Types" 


engine lubricants. Type 2F4 ex- 
tends the lower temperature 
limit to —35 F, but as yet is an 
experimental material available 
only in limited quantities. 
Viton A 

Produced by E. I. du Pont de 
Nemours & Co., Inc., the ma- 
terial is a copolymer of vinyli- 
dene fluoride and perfluoropropy- 
lene. It is available in limited 
experimental quantities. It has 
outstanding high temperature 
fluid resistance, with a possible 
—65 to 600 F service tempera- 
ture range. It may soon be an 
Air Force specification material 
for nearly all high temperature 
fluid applications. 

Fluorinated polyester 
(no trade name) 

Produced by Hooker Electro- 
chemical Corp., the material is 
a hexafluoropentamethylene adi- 
pate. It is expected to be avail- 
able in limited experimental 
quantities in the next few 
months. It has a —98 to 300 F 
temperature range in fuels and 
is an extreme low temperature 
material. It can be manufac- 
tured in a variety of molecular 
weights and may find extended 
use as an aircraft fuel tank 
sealant. 


® Evaluations extracted from Griffin. 








ties after prolonged aging at 400 
F. Effects of temperature (with- 
out aging) on a high strength 
Kel-F Elastomer compound are 
compared with effects on several 
other rubbers in Fig 1. According 
to Kitchen, the higher strengths 
of Hevea (natural rubber) and 
Kel-F Elastomer in the lower tem- 
perature ranges, as compared with 
butyl and silicone, are at least 
partly due to crystallinity on 
stretching—an effect that seems 
to disappear entirely at tempera- 
tures above 300 to 400 F in Hevea 
and 200 F in Kel-F Elastomer. 

In addition to the immediate 
effects of high temperatures, the 
effects of heat aging must be con- 
sidered. Fig 2 shows effects of 
aging 8 hr at 350 F on room tem- 


perature tensile strengths of sev- 
eral elastomers. The _ saturated 
elastomers Kel-F, urethane, 
butyl and silicone—all withstand 
heat aging very well, retaining 
two-thirds or more of original 
tensile strength. The unsaturated 
elastomers—Hevea and neoprene 
—show extensive heat deteriora- 
tion and retain less than one- 
fourth of original strength. 

Loss of strength due to the 
combination of instantaneous heat 
and heat aging is shown for sev- 
eral elastomers in Fig 3. Though, 
with the exception of Hevea, these 
are all heat-stable types, none has 
a tensile strength at 400 F as 
high as 500 psi after oven aging. 
Elongation of the heat aged Kel-F 
Elastomer at 400 F is intermedi- 






JULY, 1957 « 91 


























Properties of Kel-F Elastomer 



































TABLE 6—CHEMICAL RESISTANCE* 














































Source: Jersey City Chemical Div., Minnesota Time, | Temp, _ a 
Mining and Mfg. Co., except where noted Immersed in... days F Swell, 
TABLE 1—TYPICAL PROPERTIES TABLE 4—WATER ABSORPTION ACIDS 
OF VARIOUS RUBBERS (77 F Fuming Sulfuric 27 77 l 
Grade | Hydrochloric 27 7 | 16 
Grade 7 3700 Absorption Hydrofluoric (wet) | 32 | 65 | 15,12 
Property W 5500 | (HMDA Type of Rubber Days mg/sq in. Phosphoric (85%) 97 77 1 
(peroxide | carbamate Red Fuming Nitric 27 77 24 
cure) cure) Smoked Sheet 55 12.32 aaa = = 
Neoprene 58 12.90 SOLVENTS 
Stress at 100% Deproteinized Rubber 63 6.38 Aniline 97 77 5. 13: 
Elongation, psi 500 1000 Chlorosulfonated Carbon Tetrachloridel 27 77 33. 16: 
Tensile Strength, psi 2000 | 2700 Polyethylene 63 5.09 Cyclohexanone 1 77 700 
Elongation, % ~~ =z 450 | 325 Kel-F Elastomer 65 3.50 Ethyl Alcohol 97 77 6 
Hardness (Shore A}. 5 | 88 vention Ethylene Dibromide | 15 77 - 
Tear Strength, Ib/in. 120 | 150 , Ethylene Glycol 27 77 
Compression Set, 7% | Furfuryl Alcohol 27 77 
- “ “4 ro ; a 23 TABLE 5— EFFECT OF MOISTURE Petroleum Ether 7 | @ a 
. 35 ON ELECTRICAL PROPERTIES Toluene 27 77 55 
Gehman Stiffness, F | Trichloroethylene 27 | #77 53 
Ut +32 +5 As After Turpentine 27 | 7| 1 
Tio +23 0 Property W Molded» | Exposure cea ; ae a Sane 
Sheladiele ¢ : FUELS, LUBRICANTS . 
electric Strengt ASTM Oil No. 1 27 77 0 
— aaa Short Time, v/mil 613 (avg) | 642 (avg) ASTM Oil No. 2 27 77 ] 
Step-by-Step 521 (avg) | 553 (avg) ASTM Oil No. 3 27 77 l 
Property W Original | Aged» Volume Resistivity, Esso Turbo Oil 15 27 77 600: 
ohm-cm 1.13 x 10% | 1.21 x 104 70/30 Iso-Octane | 
Stress at 300% Dielectric Constant Toluene 27 77 | 30, 16: 
Elongation, psi 800-1600} — 60 cycles 6.27 6.52 JP-3 27 77 5 
Tensile Strength, psi | 1600-3600 | 725-1650 1000 cycles 9.90 6.08 MLO 8200 2 300 8, 2: 
Elongation, % 250-500 | 550-800 10® cycles 3.94 4.05 OS-45 (hydraulic) 14 300 25 
Hardness (Shore A) 98-81 | 59-82 Power Factor Silicone DC-200 7 300 | lt 
Tear Strength, Ib/in. 120-500 | — 60 cycles 0.025 0.028 Skydrol W-46 14 | 300 70 
aRange of values given indicates properties > live gen eed Sour Crude ] | 300 10s 
obtainable by using different proportions of 10° cycles 0.113 0.120 Swan Finch | 
different fillers. siensiinaenl GM-4655M 3 300 | 10+ 
bSeven days at 400 F. bOne week, 95% RH, 77 F. Test Oil WA-389 3 300 | 35 
Texamatic 1505 i Se ] 
TABLE 3— EFFECTS OF HIGH PRESSURE STEAM: UCON 50 HB-100 14 300 19 
Unfilled » Filled : OTHER REAGENTS . 
— . a Se i Bleach Solution 27 77 0.5 
| Exposure Time > None | 1Day | 7Days | None 1Day | 7 Days Chlorine Gas(latm)} 7 i - 
| Freon 113 l 77 180 
Tensile Strength ,psi 1860 1060 1165 | 3800 1480 1200 ‘ 
Elongation, % 590 | 620 | 69 | 540 | 600 640 gee i 
Hardness (Shore A) 51 42 42 68 69 69 others on 5500. 
Volume Swell, % —_ 16 22 i 13 17 cResults were obtained with polyamine cure; 








ail others with peroxide. 


aTests conducted at 400 F, 247 psi. bStock number 89. eStock number 122. 
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ate—about 180%. The other elas- 
tomers have elongations as fol- 
lows: Hevea, Hypalon, butyl, Vi- 
ton A and polyacrylate—less than 
100%; silicone rubber—240% ; 
and urethane—130%. 

Kel-F Elastomers have rela- 
tively low air permeability at 
room temperature compared with 
other rubbers. The effects of high 
temperatures are shown in Fig 4. 
In addition to thermal stability in 
air, vulcanizates resist high pres- 
sure steam (see Table 3). 
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Water absorption of Kel-F 
Elastomers is extremely low (see 
Table 4); consequently exposure 
to moisture has little effect on 
dielectric properties (see Table 5). 
Fluid resistance 

Kel-F Elastomers resist attack 
by strong oxidizing acids, mineral 
acids, peroxides, alkalis, alcohols, 
aliphatic solvents, some chlori- 
nated solvents, hydraulic fluids, 
silicone oils and sulfur-bearing 
extreme-pressure lubricants. Typ- 





ical test results are given in 
Table 6. 

Effects of prolonged immersion 
in strong oxidizing agents on phys- 
ical properties are shown in Table 
7. Immersed in red fuming nitric 
acid, the elastomer reaches an 
equilibrium volume swell of 20 to 
30% in one week. Extensibility 
and hardness remain virtually un- 
changed, though tensile strength 
decreases. Where maximum re- 
sistance to fuming nitric acid is 
required, the elastomer can be 
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TABLE 8—RESISTANCE TO HOT FLUIDS 























Value After 70-Hr Immersion at 300 Fin... 
| Socony | Swan | UCON | 
Material = Property Original; ASTM | Vacuum Finch (GM | Skydrol | (50-HB-| Aroclor | ASTM Sour | Silicone 
Value | No.1 |(WA-389)| 4655-M) | (W-46) | 100) | (1254) | No.4 | Crude |(DC-200) 
Grade 3700 (unfilled) Ten Str, psi.. 3500 4300 3100 2200 1860 1540 2900 2400 3200 4400 
Elong, % cnamnesnns 500 560 590 580 | 520 575 480 450 460 440 
Hard. (Shore, A)...... 76 75 | 73 75 66 | 65 72 | 73 12 74 
Vol Swell, %.. —_ —§ | +3 +10 +20 +-22 +1] +18 +10 0 
Grade 5500 (filled) Ten Str, psi......... 3000 | 2800 | 2400 2200 400 1860 1500 1470 2350 3550 
Elong, %. 570 700 | 700 670 | >900 630 720 | 500 600 500 
Hard. A 72 69 | 68 73 35 69 69 | 73 69 71 
Vol Swell, % 0 +2 +10 +70 +-19 +16 +-20 +-]4 0 
aBoth peroxide-cured. 
TABLE 7—EFFECTS OF CHEMICALS 4000 


ON PHYSICAL PROPERTIES:* 





Red | 

Fuming|Fuming| 
Chemical > Nitric |Sulfuric) Ani- 

Acid | Acid | line» 








ORIGINAL PROPERTIES 


Ten Str, psi 1745 | 1600 | 1860 
Elong, % 650 615 650 
Hard. (Shore A) 53 52 55 





AFTER 1-DAY IMMERSION 








Ten Str, psi 1460 | 2060 | 1725 
Elong, % 620 720 | 670 
Hard. (Shore A) 52 52; 45/7 
Vol Swell, % 9/ 05 0 
AFTER 3-DAY IMMERSION 

Ten Str, psi 1050 | 2070 | 2075 
Elong, % 450 730 700 
Hard. (Shore A) 48 56 5] 
Vol Swell, % 19 1.5 0 
aTests conducted at room temperature. 
bEffects of hydrogen peroxide quite similar to 


those of aniline. 


blended with Kel-F Resin 800 (a 
copolymer having a different mole 
ratio than the elastomer). After 
three days immersion at room 
temperature a 50-50 rubber-resin 
blend retains 78% of original ten- 
sile strength compared to 32% for 
the pure elastomer; volume swell 
is only 10% compared with 25%. 

The critical test for fluorinated 
elastomers is exposure to fluids at 
elevated temperatures. Table 8 
shows the effect of 70-hr immer- 
sion in various fluids at 300 F. 
Fig 5 compares the effects of 
75-hr immersion in JP-5 fuel on 
Kel-F Elastomers and Fluoro- 
Rubber 1F4. Despite its lower 
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Fig 1—Tensile strength vs tempera- 
ture for Kel-F Elastomer compared 
with other rubbers. (Kitchen) 
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Fig 3—Effects of temperature and 
aging at temperature on. Kel-F Elas- 
tomer, Viton A and several other 
rubbers. (Kitchen) 
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Fig S—Effect of temperature 
and aging at temperature on 
tensile strength and elongation 
of both grades of Kel-F Elas- 
tomer and of Fluoro-Rubber 
1F'4. 
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Fig 2—Effect of heat aging on Kel- 
F’ Elastomer compared with several 
other rubbers. (Kitchen) 
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Fig 4—Air permeability vs tempera- 
ture for Kel-F Elastomer, Fluoro- 
Rubber 1F4 and several other rub- 
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original strength, 1F4 after aging 


is comparable to Kel-F 3700 and 


Applications 


In general, the properties of 


5500 with copolymer resins sug 
their 


gest use in hoses, seals, 


superior to Kel-F 5500 when grade 3700 elastomer suggest its diaphragms, fuel cells, protective 
tested at both 75 F and 325 F. use in seals for hot hydraulic clothing, and barriers for chromic 
According to Fujiwara and Spain, fluids, transmission oils and EP and fuming nitric acids. Botl 
however, recent work indicates lubes; seals and hose for hot JP grades of the elastomer seem suit- 
that Kel-F 3700 can be com- fuels; and hose, pump and valve able for high temperature electri- 


pounded to provide aged proper- 
ties considerably better than those 
of 1F4. 


diaphragms and gaskets for hot 
mineral acids or alkalis. Proper- 
ties of grade 5500 and blends of 


cal insulation involving exposure 
to oxidants, fuels, oils and mineral 
acids. 





Properties of Silastic LS-53 


Source: Dow Corning Corp., except where noted 




































































TABLE 9—TYPICAL PROPERTIES: 900 — . ENT meee 
Fue/: 70/30 iso-octane/ toluene Fuel: JP-5 
Color Red 800 /mmersion time: 70 hr Immersion time: 150 hr ~ 
Specific Gravity 1.4 _ 700 
Hardness (Shore A) 55 o ‘ leo 
Tensile Strength, psi 1000 wae a 
Elongation, % 170 =. | £500} Hordness 50 « 507° 
Compression Set (after 22hrat300F),% 20 Fr 2 ago 405 Jao 
Brittle Point, F —-0 £2 | coil WG 
Linear Shrinkage, % 3 as . Volume increase 30 3 10 ; 
Water Absorption (70 hr at 212 F) 10k 200 — 208 | 202 
Durometer Change —2 saa | 7 lo 
Volume Change, % +3 ee = ol | ee wee My 
aSpecimens molded 5 min at 260 F and cured 100 200 300 400 200 250 300 
24 hr at 300 F, except for specific gravity Exposure Temperature, F Exposure Temperature, F 
specimen which was press vulcanized. 
Fig 6—Effect of fuels on Silastic LS-53 at elevated temperatures. (Griffin) 
TABLE 10—CHEMICAL RESISTANCE® TABLE 11—EFFECTS OF HOT FLUIDS: 
| Time,| Dur | Vol Exposure | TenStr | Elongation | Hardness Volume 
Chemical V Temp”) Hard. | Chg, Exposed in... .W Temp, F | Change,% | Change, % | Change,% | Change, % 
Chg | &% 
| AR ee 500 — 40 +18 «5 — 2 
Acetone 7, 75} —21 | +181 Hydraulic Fluids 
Aniline 7, 15} — 1] +4 | eee 400 —28 +14 —27 +14 
ASTM Oils 500 —85 +30 — 54 + 2 
No. 1 3, 360) — 4 | Nil SN .03sekideeoaecauct 400 — 85 +18 — 54 +12 
No. 3 3,300) — 6 | +4 ER 400 —87 +32 —68 +11 
No. 3 21,300} — 9 | +3 Diester Lubricant(Anderol L774)... 400 —50 +-20 —40 +10 
No. 3 3,400; —14 | +5 
Carbon Tetrachloride 7, 75| — 6 | +21 aMaterial tested at room temperature after 70-hr exposure at temperature indicated. 
Ethy! Alcohol 7, 75] — 2| +5 ae ee 
Hydraulic Fluid | 
(MIL-0-5606) 1,160} — 6 | +6 
Jet Fuels 19,250; —11 | +6 
ASTM Ref B 3, 75} — 6 | +20 
3, 158} — 6 | +18 
1, 75} -— 5] +11 
14, 75} — 5 | +10 ” . 
5250 -18\+1  §ilastic LS-53 
Nitric Acid (10%) 7, 75} + 2 | +1 
Nitric Acid (conc) 7, 1) +1) +4 Incorporation of fluorine in sili- Table 9 shows typical physical 
Raukene fi ae cone rubber adds resistance to properties of the elastomer, and 
3300 © ‘ swelling in fluids to the good tem- Table 10 shows additional data on 
Power Trans Fluid perature stability of silicone rub- resistance to chemicals and fluids 
(Ord 51-F-21) 3, 300) — 9 | +11 ber. Properties of the elastomer at room and elevated tempera- 
tng a a a were summarized in “New Heat tures. Fig 6 and Table 11 show 
Silicate Ester with Diester | 3, 350| —12 | +9 and Solvent Resistant Elastomer,” the effects of hot fluids on me- 
Sodium Hydroxide (10%) | 7, 75} — 4 | —2 MATERIALS & METHODS, Nov ’56, chanical properties. 
Sodium Hydroxide (50%) | 7, 75) — 4 | +1 p 163; “Selecting Silicone Rub- By way of comparison, o-rings 
Sulfuric Acid (10%) 7, 75) Nil | Nit bers”, M&M, May ’57,p 140 (Part made of fluoro-silicone rubber 
Sulfuric Acid (conc) fae | 8 ; “ , : 
Xylene 3. 75} 9 | +19 1); and M&M, June ’57, p 114 swelled 20% when immersed in 
3, 158} — 8 | +21 (Part 2). ASTM Reference Fuel B for 70 














aHigh temperature tests with volatile mate- 


rials were run under reflux conditions. 
bTime in days; temperature in deg F. 
cDeteriorated. 
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TABLE 12—TYPICAL PROPERTIES 








Type > LF4 2F4 
rensile Strength, psi 
17 t 1250,1210= | 950 
212 F 600 
250 F 470 
Ultimate Elongation, % 
77 F 300, 200 « 300 
212 F 180 _ 
250 F 155 


Mod at 100% 


Elongation, ps! 280, 500 » 
Hardness (Shore A-2) 55, 65. 65 
Set at Break, % 4 
Resilience (Bashore), % 6 
Compr Set (Method B) 

70 hr at 212 F 53, 18» 


70 hr at 250 F 28s 55 
Low Temp Flexibility» 
Gehman T io, F 
ASTM Brittle Point, F 


+12,+12« 


+949» | —37 








aOven tempered 24 hr at 300 F. 

bService tests have shown elastomer retains 
some flexibility as low as —10 F. Service 
tests are, therefore, recommended for appli- 
cations in this temperature range. 

Griffin and Minnesota Mining and 
Mfg. Co. 


source: 


TABLE 13—-GENERAL CHEMICAL 








RESISTANCE 
Time, |Temp,} Vol 
days F iChg,% 
Aliphatic Hydrocarbons 14 77 | 0-10 
Aromatic Hydrocarbons 14 77 | 15-30 
Aromatic Hydrocarbons 2 | 212 {30-50 
Alcohols 14 77 {0-10 
Ketones 14 77 | 35-85 
Chlorinated Solvents 1-2 7Z | 20-40 
Some Specific Chemicals 
Ethyl Acetate 14 77 }+100 
Freon 12 3 77 {+155 
Freon 22 3 77 +215 
Sodium Hydroxide 
(10%) 14 77 {+190 




















a ee ee 





hr; conventional silicone rubber 
rings swelled 200%. 

The elastomer has good strength, 
is resistant to compression set, 
and is serviceable from -80 to 
500 F in air. Samples aged 1000 
hr at 480 F do not break when 
flexed 180 deg over a *%-in. man- 
drel, and hardness increases only 
nine points. Fillers provide a 


harder stock and do not affect 
solvent and oil resistance. 











Properties of Fluoro-Rubber 1F4 and 2F4 


Source 


Minnesota Mining and Mfg. Co., except where noted 


TABLE 14—RESISTANCE TO ACIDS, HYDRAULIC FLUIDS AND OILS 





Change in Properties 








Fluid W Time, Temp, Ten Str, Elong, | Hardness, Vol, 
hr F % % pts % 
ACIDS 
Hydrochloric (10%).......... 70 212 —] 4] +15 +1] 
PR Svlvwecscanaraves 70 212 —57 +-24 8 +-35 
Sulfuric (10%)........ 70 212 0 65 +26 0 
White Fuming Nitric (90%) 3 77 — 60 12 30 +-74 
250 77 —7] +-26 —50 +-35 
1000 77 —75 +310 | —54 +27 
HYDRAULIC FLUIDS, OILS 
Calif. Research Oil 52742. .... 100 212 —14 — 34 +10 0 
aaeies 300 — 46 — 46 +15 +-3 
Cellulube 300............... 100 350 — 7,— 5*—58, 04/+15,— 5: - 
; base 400 ~-17,—31*|\—62, —249|+-20, 08 
Cities Service A........... 100 300 — 22 55 +20 0 
350 —59 — 86 +25 | -—2 
bili Hew deat 775 350 b t | +4 | -9 
Delco No. 1l.... 168 158 —40 45 | — 5 +10 
MIL-L-7808 500 350 +19, +20*/—66,—17#\+-25,+13") 0,+6: 
MIL-O-5606... biatad 500 350 +11,—51*\—72, —57*%+27,+-18*| 0, 68 
fia’ ee 400 +43,+36%; — 3 
I eee 100 350 — 32 —37 +13 | 
ETO TT eee: aT 500 — 82 0 +10 | -- 
Pyranol Transformer Oil...... 1000 212 —20 —45 —-5 | +5 
100 300 —30 — 40 +5 | +3 
ined Y, 455 —10 —3 | -—5 | - 
rere 70 250 — 5 —45 | +5 0 
Skydrol 500......... ee 100 212 —35 45 —15 +25 
Socony-Vacuum WA-389 70 300 —10 50 +15 0 
Swan-Finch GM-4655-M.... 10 300 —10 65 +15 — § 
Versilube F-50... 100 350 46 53 +-26 
400 —73 80 +30 
24 500 —]] — 93 +38 








aTempered vulcanizate. 
bToo brittle to measure. 





Minnesota Mining and Mfg. Co. 


Variety of shapes molded of Fluoro-Rubber 1F 4. 
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These elastomers are intended 
for continuous use at tempera- 
tures up to 400 to 450 F and in- 
termittent use at higher tempera- 
tures. The major difference be- 
tween the two, as can be seen in 
Table 12, is that the brittle point 
of 2F4 is 40 to 50 deg F lower 
than that of 1F4. 

Permeability of a 17-mil mem- 
brane of 1F4 to white fuming 
nitric acid (90%), as determined 
in modified Navy H-cell equip- 


Viton A 


Typical properties of Viton A 
at room temperature and at 300 
and 400 F are shown in Table 15. 
Tensile strength and elongation 
drop progressively as temperature 
increases, but there is little fur- 
ther reduction in properties above 
400 F. Fig 3 compares room tem- 
perature tensile strength with in- 
stantaneous tensile strength at 
400 F and tensile strength after 
aging 8 hr at 400 F. 

More important in certain ap- 
plications such as o-ring seals is 
Viton A’s good resistance to com- 
pression set and deformation at 
high temperatures. Typical val- 
ues for compression set (ASTM 
Method A, 400 psi) after 22 hr at 
400 F are 35-55% deflection and 
15-23% set. Tested by Method B 
(25% deflection, 70 hr), vulcani- 


Fluoro-Rubbers 1F4 and 2F4 


ment, was 20 min. A 50-mil film 
lengthened the time to 2 hr. 
Effects of high temperatures on 
air permeability of type 1F4 are 
shown in Fig 4. 

The elastomers are said to be 
essentially immune to ozone at- 
tack. Strips bent in a 180-deg arc 
or extended 25% show no signs 
of cracking or other damage after 
one-week exposure to circulating 
air containing 350 ppm of ozone 
by volume at room temperature. 


zates show 25% set at 250 F, and 
45% set at 350 F. 

Reduction in tensile strength 
and elongation at elevated tem- 
peratures isa reversible effect and 
does not indicate deterioration. 
Effect of temperature on esti- 
mated service life, is shown by 
the following data, expressed in 
hours to produce brittleness at 
each temperature: 


400 F < 2400 hr 
450 F 1000 hr 
500 F 250 hr 
550 F 72 hr 
600 F 8 hr 


Though under ordinary handling 
conditions Viton A and its vul- 
canizates present no health haz- 
ards, some decomposition products 
are highly toxic. Decomposition 
usually starts at temperatures 
approaching 500 F. When hanaling 
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Temperoture, F 


Low temperature behavior—These low temperature retraction curves 
(ASTM D 1829-54T) compare low temperature characteristics of the five 
fluoro-elastomers. A comparative curve is given for unplasticized Paracril 
18-80, the polymer presently being used by the Atr Force for low temperature 
uses in fuel and hydraulic systems. (Griffin) 
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These fluoro-elastomers have 


good resistance to a variety of 
fluids, 


other petroleum products, silicate 


including jet fuels and 
esters and many solvents. Par- 
ticularly valuable is their resist- 
ance to synthetic diester type 
lubricants. General chemical and 
fluid resistance of type 1F4 are 
shown in Tables 13 and 14. Fig 
5 shows the effect of immersion 
in hot JP-5 jet fuel. 


the material at these tempera- 
tures, work areas should be ade- 
quately ventilated. 

The brittle point of the elasto- 
mer is dependent on thickness of 
specimens. For example, the —47 
F value shown in Table 15 was 
obtained on a 0.075-in. specimen. 
A 0.025-in. specimen of the same 
formulation has a brittle point of 
—60 F, and a 0.010-in. wire coat- 
ing does not crack at —90 F when 
bent around a mandrel 10 times 
the wire diameter. Small amounts 
of oil absorbed during service im- 
prove low temperature flexibility. 
Fluid resistance 

In general, Viton A is more re- 
sistant to more fluids than any 
known elastomer today. It is re- 
sistant to aromatic and aliphatic 
hydrocarbons, aromatic amines, 
chlorinated hydrocarbons, dilute 
and concentrated mineral acids 
and alkalis, petroleum hydrocar- 
bons and water. Highly polar ma- 
terials, in general, cause the most 
swelling; swelling in the non- 
flammable hydraulic fluids, such 
as Pydraul, Lindal and Skydrol, 
is excessive. Examples of fluids 
that cause “high swell” and “low 
swell” of Viton A are listed in 
Table 16. Effects of immersion in 
JP-5 fuel at 400 F are shown in 
Table 17. Table 18 shows the 
changes in mechanical properties 
caused by exposure to various 
fluids at high temperatures. 
Radiation resistance 

Though most elastomers have 
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TABLE 15—TYPICAL PROPERTIES 





Jodulus at 100% Elongation, psi 


17 F 300 
300 F 100 
Tensile Strength, psi 
77 F 2375 
300 F 450 
400 F 220 
Elongation, % 
77 F 350 
300 F 225 
400 F 60 
Hardness (Shore A, 77 F) 66 
Resilience, % 
77 F 43 
300 F 63 
Brittle Point, F —4] 
Gehman T io, F —7 
Volume Resistivity, ohm-cm 10!3 
Power Factor, % 3-4 
Dielectric Strength, v/mil 250-750 
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gotion % 
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Volume increase, % 


Hordness, Shore A 


Elon 


Tensile Strength, pst 


8 8 8 


Note. Tests mode ir presence 
of aester o1/ of 4OOF 





*) 2 o 6_ 8 10 
Gammo Rodwtion Dose, 10’ Roentgens 


Fig 7—Radiation resistance. (Griffin) 


poor resistance to gamma irradi- 
ation, Viton A seems quite prom- 
ising after limited testing. Fig 7 
shows the effect of irradiation on 
mechanical properties. To more 
closely simulate conditions that 
might be encountered in nuclear 
powered aircraft, tests were car- 
ried out in the presence of diester 
oil at 400 F. After 10® Roentgens 
exposure, tensile strength is 220 
psi and elongation is 120%. Ac- 
cording to Griffin, Viton A resists 
radiation at high temperatures 
better than any elastomer known 
to the Air Force. 
Applications 

A field evaluation program now 
in progress in cooperation with 
Wright Air Development Center 
should provide data on actual use. 
Potential uses: 

1. O-ring seals and packings 
are being tested in hydraulic, fuel 
and lubricant systems. Excellent 


Properties of Viton A 





Source: E. I. du Pont de Nemours & Co., Inc., except where noted 


TABLE 16—EFFECT OF FLUIDS 








LOW SWELL FLUIDS (< 25%) 
ASTM No. 3 Oil, 350 F Nitric Acid (90%), 77 F 
ASTM Ref Fuel B, 75 F Oronite 8515, 400 F 
JP-4,'400 F OS-45-1 Oil, 400 F 
Turbo Oil No. 15, 400 F 


HIGH SWELL FLUIDS ( >100%) 


Ethyl Acetate, 75 F Propyl Nitrate, 75 F 
Glacial Acetic Acid, 75F Skydrol 500, 300 F 





TABLE 17—EFFECT OF AGING 
IN HOT JP-5 





Ten Str, Elong 
or 





Property > psi 0 
Original 1850 230 
Heated to 400 F in JP-5» 310 120 
Aged 72 Hr at 400 F in 

JP-5> 280 148 








aTested at 75 F. bTested at 400 F. 


Source: Fujiwara. 


TABLE 18—EFFECT OF HIGH TEMPERATURES AND FLUIDS: 














Ten Str Elongation | Hardness | Volume 
Exposed to... W Time, hr Temp,F | Change,% | Change,% | Change,% | Change, % 

itkares nkvitadaanian at 70 550 — 38 —57 +30 | —1 
70/30 Isooctane/Toluene..} 70 400 — 38 0 | +30 +31 
PE rere 70 400 —17 0 —12 + 4 
Hydraulic Fluid OS 45-1.. 5 550 —17 —19 —10 +1.5 
MIL-0-8200............. 5 550 —55 —62 +10 +-0.5 
aTested at room temperature. 


Source: Griffin. 


performance at high temperatures 
and pressures under rapid cycling 
has been reported. 

2. Cellular sealing strips for 
hatch gaskets for use at 500 F 
look promising. 

3. Development of bladder-type 
fuel cells is in preliminary stages, 
and there are indications that a 
cell satisfactory for service at 
500 F can be developed. However, 
the problems of diffusion of fuel 
and control of corrosive by-prod- 
ucts of the elastomer given off at 
500 to 600 F remain to be solved. 

4. High pressure hose is a po- 
tential application because of the 


Fluoro-polyester 


General characteristics of the 
fluorinated polyester elastomer in- 
clude: good mechanical proper- 
ties; thermal stability in air at 
400 F; resistance to fuels and 
fluids, including diester oil, at 


350 F; and excellent low tempera- 
ture usefulness, as indicated by 
a brittle temperature of -98 F 
and a Gehman T,, of —62 F (see 
Table 19). 


Tensile strengths of 


elastomer’s heat and fluid resist- 
ance. 

5. Dielectric properties (see 
Table 15) suggest such uses as 
insulation for hook-up wire and 
other low voltage, low frequency 
applications. Though insulated 
wire has been tested electrically, 
no simulated service tests have 
been completed. 

6. Caulking compounds, protec- 
tive coatings and adhesives can 
be produced from solvent solu- 
tions of the elastomer. Good re- 
sistance to heat and fluids can be 
expected where shrinkage due to 
loss of solvent can be tolerated. 


most compounds range from above 
2000 psi to as high as 3000 psi in 
some cases. Corresponding elon- 
gations range from 100 to 300%, 
and up to 500% in some cases. 
Hardness can be varied from 50 
to 90 Shore A, with values be- 
tween 60 and 80 most common. 

After 168-hr immersion in 
various fluids at room tempera- 
ture (see Table 20), little change 
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Properties of fluoro-polyester elastomer 
Hooker Electrochemical Co., 


TABLE 19—LOW TEMPERATURE 





PROPERTIES: 
Torsional Modulus (77 F), psi 188 
Gehman, F 
T: —42 
Ts — 56 
T 10 — 62 
T 100 72 
Freeze Point, F —7] 
Brittle Temperature, F — 98 





aTests performed at B. F. Goodrich Co. on 
0.075-in. specimens. 


in tensile strength or other phys- 
ical properties occurs. Of all 
fluids tested, aromatic gasoline 
(70/30 iso-octane/toluene) causes 
the greatest swelling—about 10 to 
20%, depending on compounding. 
Both JP-4 jet fuel and synthetic 
diester oil cause very slight swell- 
ing, and 10% hydrochloric acid 
and salt solution scarcely affect 
the rubber. 

Effects of high temperature and 
immersion in diester oil on me- 
chanical properties are shown in 
Table 21. In both cases vulcani- 
zates retain tensile strengths of 
1400 to 1700 psi, with little or no 
decrease in elongation or hard- 
ness. 
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TABLE 20—RESISTANCE TO FUELS AND FLUIDS: 














70/30 Diester 
Fluid Jet Iso- Oil HCl NaCl 
Fuel Octane (Plexol (10%) (10%) 
Toluene 201) 
Tensile Strength, psi.......... 2950 2217 1888 2700 1756 
Elongation at Break, %..... 325 475 425 500 500 
Set at Break, %...... : 1-2 1-2 1-2 1-2 1-2 
Modulus at 300% Elongation, psi. 2565 750 750 974 
Hardness (Shore A). 5 sas 69-72 57-62 54-58 57-62 54-59 
8168-hr immersion at room temperature; 0.025-in. dumbbell specimens of variously compounded 


vuleanizates. 


TABLE 21—-EFFECT OF HIGH TEMPERATURE AND DIESTER OIL: 











Ten Str, | | Set at | Hard. | Vol 
Property > psi | Elong, % | Break,9% | (Shore A) | Swell, % 
Original. . 2000-2200 110-150» 0-2 75-80 
Aged (168 hr at 400 Fi in n air)... 1400-1600 130-175 5-8 72-80 
Aged (70 hr at 350 F in 
Plexol 201 diester oil)... .... 1500-1700 150-200 5-8 68-75 1-3 





aTests performed on 0.025-in. dumbbell specimens. 


bPostcure will increase original elongation. 





The Problem of Elastomers 


The design engineer interested 
in elastomers that will meet 
critical service conditions keeps 
his eye on aircraft elastomer de- 
velopments. In only a few years 
the environmental temperature 
range for air weapon systems 
and their components has ex- 


panded from the —65 to 275 


F 


range to the —130 to 400 or 
500 F range. According to the 


Air Force an 
range of —400 to 2000 or 3000 


environmental 


F 


ean be considered for tomorrow. 
Compounding these high and 
low temperature problems as far 


as elastomers are concerned 


is 


the additional requirement of re- 
sistance to attack by such media 
as hydrocarbon fuels, lubricants, 
hydraudic fluids, and nuclear or 
cosmic radiation at these tem- 
peratures. 

The fluoro-elastomers are the 
newest rubbers developed to 
meet present-day requirements. 
They are in varying stages of 
development, but all have 


reached the point of _ initial, 
evaluation, and their perform- 
ance can be predicted with some 
degree of reliability. The ma- 
terials are extremely promising 
for today’s aircraft and for 
many commercial applications 
where temperature and fluid re- 
sistance are critical. However, 
they have already become almost 
obsolete as far as tomorrow’s 
aircraft are concerned. 

As for the more critical de- 
mands of the future, the solution 
will probably lie in designing 
without elastomers, or in the 
development of inorganic elas- 
tomers. Several inorganic sys- 
tems have been experimented 
with; the most promising from 
the standpoint of thermal sta- 
bility are the boron-phosphorus, 
nitrogen-phosphorus and chelate 
polymer systems. Increased Air 
Force research emphasis is being 
placed on development of such 
systems, but the operative in- 
organic elastomer is still a long 
way off. 
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OLD NEW 


Uncluttered appearance of redesigned stator is apparent in this side-by-side comparison of old and new designs. 


@ Cast insulation systems have 
improved the design and perform- 
ance of numerous electrical and 
electronic components. Selection 


of a cast insulation in itself, how- 

as DOXY ever, is not a guarantee of im- 

proved product design. Every 
product is unique, and the pur- 

La pose of this article is to show how 
Insulation the performance and production 
of a typical electrical component 


—jn this case a small motor stator 


—was improved by a carefully co- 
Makes a Better Stator ordinated resin and process devel- 
opment program. 
Why redesign? 
: . ; As shown in the photograph 
Use of a filled epoxy resin plus a vacuum casting process above. this motor stator had been 
has considerably improved the performance of an electric insulated and constructed in a 


, , ‘ ‘ completely conventional manner. 
motor stator with no increase in manufacturing costs. phe standard method of insulat- 


ing the stator consisted of wedg- 
ing the coils in the laminations, 
tying and forming the coils, and 
then insulating the assembly with 
several coats of an _ insulating 
by D. E. Crawford, varnish. This is by no means a 
General Electric Co. poor insulation system; however, 
it does have a number of draw- 
backs. They include: 1) the large 
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number of assembly operations 
and resulting high labor costs; 2) 
subjection of unprotected stators 
to handling damage; 3) compli- 
cated masking and cleanup re- 
quired for varnish dipping; and 
4) long baking cure required for 
the insulating varnish. 

Because of these shortcomings 
it was reasoned that the conven- 
tional insulation system might 
best be replaced by a cast insula- 
tion system. In addition to elimi- 
nating the above disadvantages, 
this system could be expected to: 
1) provide a much higher dielec- 
tric strength; 2) be more suitable 
for mass production; and 3) lower 
costs by eliminating slot wedges 
and the need for coil tying, and 
by facilitating changes in the slot 
insulation and simplification of 
the stator lamination stack. 
Selection of materials 

The first step in the redesign 
was to choose the material that 
could best meet the expected oper- 
ating and environmental condi- 
tions. Some of the requirements 
were particularly severe, since 
the component had to meet mili- 
tary specifications. 

Properties of the three most 
promising insulation systems (in- 
cluding varnish) are compared in 
the accompanying table. Of all 
the properties required of a mate- 
rial for this and similar applica- 
tions, low weight loss at high 
temperatures and ability to with- 
stand rapid temperature changes 
are the most important. 





}O 


Weight Loss, ¥% 


0.5} 














0 20 40 60 80 100 
Exposure (257 F),hr 

Fig 1—Weight loss measurements 

of various insulating materials show 

thermal stability of epoxy casting 

resins. 


Weight loss—This is a general 
measure of a material’s thermal 
stability. As shown in Fig 1, 
epoxy casting resins proved to be 
superior to polyester resins and 
varnishes in two significant re- 
spects. The total weight loss is 
less for an epoxy resin after a 
given exposure, and the rate of 
weight loss is considerably less 
than for other materials after 24 
hr of aging. Also, the weight loss 
is at least 25% less in the cast 
epoxy stator than in the varnished 


PROPERTIES OF MATERIALS CONSIDERED FOR STATOR INSULATION 

















Property Required W Insulation > Varnish Epoxy Polyester — 
Low Weight Loss After Curing..................... No Yes | Fair 
Suitability for Operation from — 85 to 257 F......... Yes Development | No 

needed | 
Low Shrinkage after Curing....................... Not Yes No 
applicable 
Indefinite Life at Class A Temperatures............. Yes Yes Yes 
Short Cure at 212 F or Lower...................... No Yes Yes 
Minimum Pot Life of 3 Hr.....................2... Yes Development Yes 
needed 
Minimum Dielectric Strength of 300 V/Mil.......... Yes Yes Yes 
RE ee Yes Yes Yes 
Freedom From Heat Distortion..................... Yes Yes Yes 
Suitable Strength to Withstand Vibration............ Yes Yes Yes 
EE CO ee Unsuitable Yes Yes 
III, 5s dc b-0 cdo bcacuctccest eve Not Fair Good 
applicable 
Low Moisture Absorption......................... No Yes Yes 
Good Adhesion to Adjoining Surfaces............... Yes Yes | No 
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Fig 2—Water absorption of stand- 
ard insulating varnishes and epoxy 
casting resins. 


stator despite the fact that there 
is nearly 10 times more resin in 
the cast stator. 

In addition to low weight loss 
at high temperatures, epoxy cast- 
ing resins also exhibit a low in- 
crease in weight after exposure 
to moisture-laden atmospheres. As 
shown in Fig 2, epoxy potting 
compounds show considerably less 
increase in weight than standard 
epoxy and phenolic varnishes 
after exposure to 100% relative 
humidity for several days. 

Temperature cycling—Probably 
the most difficult environmental 
condition that electrical equip- 
ment of this type must meet is 
dictated by military requirements 
that call for operation at tem- 
peratures from —85 to 257 F. In 
this range, the strains caused by 
thermal expansion are high 
enough to rupture an insulation 
system. This problem can _ be 
mitigated by selecting a flexible 
or semiflexible resin, or else by 
modifying rigid insulations with 
appropriate fillers to lower their 
coefficient of expansion. Because 
of the high weight loss of the 
flexible resins, the latter approach 
proved to be the most acceptable. 

A number of resin-filler combi- 
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tions were evaluated by cycling 
em as follows: 2 hr at —85 F, 
min at room temperature, 2 hr 
257 F, and 10 min at room tem- 
rature. Of all the materials 
aluated, a standard epoxy pot- 
ig compound (Hysol 6020) with 
ther slate or quartz fillers ap- 
eared to be the most resistant to 
racking. 
Selection of casting process 
In parallel with the materials 
development program, process de- 
velopment was conducted to deter- 
mine the most satisfactory method 
of casting the stators. 
Centrifugal casting—Because of 
its relative simplicity, initial de- 
velopment centered around the 
centrifugal casting process. Re- 
sults with this process proved to 
be variable. Despite efforts to fill 
the mold at various speeds and in 
various positions, bubbles  ap- 
peared at the top of the stator 
casting during the curing opera- 
tion. These bubbles are believed 
to have been trapped in the cast- 
ing during centrifuging, and re- 
leased during curing when they 
expanded because of the heat and 
the decrease in resin viscosity. 
Further investigation showed that 
these bubbles could be eliminated 
by treating the stators in a vac- 
uum before casting. However, be- 
cause of its complication, this 
combination vacuum - centrifugal 
process was discarded in favor of 
an all-vacuum casting technique. 
Vacuum casting—Successful ap- 
plication of vacuum casting to 
this design hinged on the solution 
to three important problems: 1) 
placement of the parting line; 2) 
developement of simple and fool- 
proof seals that would keep the 
mold vacuum-tight; and 3) devel- 
opment of a method to keep the 
pole faces clear and free of resin. 
As shown in Fig 3, these prob- 
lems were solved by using an ex- 
pandable center plug in the stator 
bore which seals the inner face 
of the mold vacuum-tight and 
which, when squeezed, expands to 
seal the pole faces from the resin 
(see Fig 4). A similar seal on 
the outside of the stator seals the 
top and bottom molds from the 
atmosphere. 





Fig 3—Inner and outer seals on stator keep resin away from critical areas 


and prevent air leakage during vacuum 


The laboratory equipment and 
setup used for the vacuum casting 
process is shown in Fig 5. This 
equipment was designed so that 
the resin could be brought in 
under vacuum to fill a well in top 
of the mold. When the well is 
filled, the resin is forced into the 
evacuated cavity by releasing the 
vacuum. 

Curing stresses in the produc- 
tion setup are reduced to a mini- 
mum by heating the casting from 
the bottom by means of a hot plate 
at the bottom of the mold. In addi- 
tion, the hot plate takes up less 
space and provides a faster cure 
than the oven used in the labora- 
tory process. The resin reservoir 
at the top of the mold is carefully 
designed to prevent waste and to 
hold just the right amount of 
liquid resin to compensate for 
shrinkage due to gelation. 


casting. 





Fig 4—Absence of voids and pro- 
tection afforded winding is apparent 
in this sectioned and polished vac- 
uum cast stator, 






































-— fesin valve 
- 
Vacuum AN 
gage (D) a Tan 
—— VYocuum release 
——=———_ Ground glass joint 
Resin | 
Resin reservoir - , M— Gloss vocuum vesse/ 
ve Mold 











Fig S—Vacuum casting equipment used in laboratory development of process 


is shown in this schematic diagram. 
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Sealube Co. 








Now you can “galvanize” ferrous surfaces 
by simply painting on a suspension 
consisting mainly of metallic zine. 


by Robert J. Fabian, Associate Editor, Materials in Design Engineering 
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Amercoat Corp. 
Pipeline 223 miles long has been kept in perfect condition since 1942 by 
inorganic zinc silicate coating, despite continuous exposure to sea air, salt 
water spray and sandstorms. 
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Castings are protected by organic Butterfly valve typifies parts subject to continuous water immersion 
zine-rich paint during outdoor expo- that can be protected by zinc-rich paints. 
sure. 


Zinc-Rich Paints Protect 


@ Paint films containing 80 to 
95% by weight of concentrated 
zinc are now being used to protect 
a wide variety of ferrous parts 
against corrosion and abrasion. 
These coatings—not to be con- 
fused with conventional zinc-pig- 
mented paints—consist almost en- 
tirely of electrically conductive 
zinc particles. In many applica- 
tions the coatings have proved to 
be as effective as galvanized and 
electroplated coatings in combat- 
ing corrosion. 

In general, zinc-rich coatings 
can be classified as organic or in- 
organic, depending on the type of 
vehicle or binder used. The in- 
organic coatings are formulated 
by mixing sodium silicate and 
finely divided zinc powder, which 
react to form zinc silicate. The 
organic coatings are formulated 
by mixing zinc powder with one 
of a number of organic vehicles 
such as polystyrene, chlorinated 
rubber, polyvinyl acetate, acrylic, 
epoxy, alkyd or phenolic. 
Properties 

Weathering resistance — The 
outstanding property of zinc-rich 





Debevoise Co. 
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Industrial Metal Protectives, 
Cooling tower surfaces exposed to corrosive environments are 
protected by inorganic zine silicate coating. 





Inc. 





Amercoat Corp. 


Pipes, structural steel and tanks of this 
chemical plant are coated with inorganic zinc- 


rich primer and vinyl topcoat for maximum 
abrasion and corrosion resistance. 


Iron and Steel Parts 


coatings is their resistance to 
weathering. In many applications 
these coatings have proved to be 
as effective as galvanized or elec- 
troplated coatings. Inorganic zinc 
silicate coatings were originally 
developed in Australia, and one 
of the first large scale applications 
made there was to the exterior of 
a 223-mile above-ground pipeline. 
The coating was applied 14 years 
ago and the pipeline has not 
needed any repainting since, de- 
spite continuous exposure to sea 
air, salt and fresh water, dust 
storms and severe extremes of 
humidity and temperature. Fur- 
thermore, there has been no evi- 
dence of ultraviolet fading, chalk- 
ing or other type of failure. 

The inorganic coatings have 
also demonstrated excellent dura- 
bility during artificial weathering 
tests. Coated steel panels, exposed 
alternately in a salt spray cham- 
ber and in a weatherometer, have 
shown no signs of corrosion after 
over 11,000 hr of testing. Simi- 
larly, coatings utilizing organic 
vehicles have been given salt 
spray tests for 8000 hr, with no 


evidence of failure until after 
3000 hr. 

Chemical and water resistance 
—In general, zinc-rich coatings 
can be used in contact with salt 
and fresh water. The inorganic 
coatings are especially noted for 
their resistance to petroleum, aro- 
matic and chlorinated (as long as 
no moisture is present) hydro- 
carbons, vegetable and animal oils, 
ketones and esters, and alcohols. 
Despite their resistance to salt 
and fresh water at normal out- 
door temperatures, zinc-rich coat- 
ings are not generally recom- 
mended for immersion in water 
above 140 F. At this temperature 
it is believed that the sacrificial 
action of the zinc reverses itself; 
however, this point is debatable, 
and some organic formulations 
have been claimed to. protect 
metals up to 212 F. 

Acid and alkali resistance— 
Because of their high zinc con- 
tent, zinc-rich coatings should not 
be exposed to acids or alkalis. In 
general, it is safe to use the coat- 
ings in a pH range of 6 to 12. 
In applications outside of this 





range some sort of barrier coat- 
ing is necessary to protect the 
zinc from attack. 

Temperature resistance — All 
zinc-rich coatings can be used at 
temperatures as low as —65 F with 
excellent results. Coatings utiliz- 
ing organic binders can generally 
be used to about 450 F before the 
resin burns off. Above this tem- 
perature, it is claimed that the 
zinc still adheres firmly to the 
basis metal and affords a fair 
measure of protection. 

The inorganic coatings have a 
somewhat higher temperature 
range and are capable of operat- 
ing continuously at 500 F, and for 
brief periods at 700 to 1000 F, 
without detriment to the coating 
or binder. The coatings have 
proved quite effective on baffle 
plates used in jet exhaust sound 
deadening chambers and on auto- 
mobile exhaust pipes. 
Formulation and application 

Inorganic coatings — All inor- 
ganic zinc-rich formulations are 
two-part systems that are pre- 
pared shortly before application. 
Roughly 22 lb of zine dust and 
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“3 gal of vehicle are required to 
produce 1 gal of mixed coating. To 
allow entrapped air to escape, the 
formulation must be allowed to 
stand 30 min before use. 

To obtain good adhesion it is 
usually necessary to sandblast all 
surfaces free of mill scale, rust, 
grease or other foreign matter. 
In some special applications vapor 
degreasing may be sufficient. To 
function properly the paint should 
be applied directly to the basis 
metal. Spray application is gen- 
erally preferred; however, the 
coatings may also be applied by 
brush, dip or flow coat methods. 
Dipping is preferred for coating 
small parts and interior surfaces, 
but some form of agitation must 
be used to keep the zinc particles 
in suspension. 

Inorganic zinc-rich coatings 
must be cured before being placed 
in service. Curing is accomplished 
either by baking or by application 
of a chemical curing solution. 
Prior to baking, the coating must 
be allowed to air dry for about 
15 to 30 min until the coating 
becomes light gray in color. The 
baking cycle usually consists of 
exposure for 1 hr at 350 F. 

Chemical curing, of course, is 


particularly advantageous on 
large outdoor structures that can- 
not conveniently be baked. Nor- 
mal coverage of the curing solu- 
tion is about 300 to 400 sq ft per 
gal. The surface should be free 
of moisture for at least 24 hr. 

One coat of the inorganic type 
formulation in a thickness of 24% 
mils is usually sufficient for most 
applications. Coverage is about 
350 sq ft per gal. Cost of the 
coating is roughly 5¢ per sq ft, 
plus slightly over 1¢ per sq ft for 
the curing solution, if needed. 

Organic coatings—These coat- 
ings are formulated and applied 
in much the same way as the in- 
organic coatings. There are, how- 
ever, some important differences 
between the two types of coatings. 

The surface preparation re- 
quired for organic coatings is not 
as exacting as that required for 
inorganic coatings. Sandblasting 
may not be required and wire 
brushing and chemical cleaning is 
often sufficient to remove light 
rust, scale and grease. 

Most organic formulations are 
two-part systems that are mixed 
before application. In contrast 
with the inorganics, two coats of 





How the Coating Protects 


The protective action of zinc- 
rich paints stems from the sac- 
rificial action of zinc in the 
presence of an_ electrolyte 
(water). Because zinc is more 
electropositive, it becomes the 
anode and the ferrous surface 
becomes the cathode during cor- 
rosive action. Corrosion occurs 
at the anode, where metal in the 
form of zine ions passes into 
solution. Hydroxyl ions, formed 
during the dissociation of water, 
collect at the ferrous surface. 

During the early stages of 
corrosion, protection is provided 
by the sacrifice of zinc for the 
ferrous metal. As weathering 
continues, however, the forma- 
tion of zinc hydroxide and other 
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basic zinc compounds on the fer- 
rous surface tends to slow down 
the self-sacrificing action of the 
zine and prolongs the life of the 
surface. 

These zinc compounds play an- 
other important part in the pro- 
tective action of the coating. If 
a break should occur, the ex- 
posed metal will still remain 
protected long after the coating 
has stopped being conductive. 
This protection is due to the de- 
position of basic zinc compounds 
on the basis metal at the break. 
These compounds react with any 
iron compounds that form and 
convert them into a clinging type 
of rust that has no tendency to 
spread or creep under the paint 
film. 
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the organic formulations are usu- 
ally required to achieve adequate 
protection. This factor does not 
have much effect on material costs, 
however, since two coats of an 
organic coating are roughly equiv- 
alent to one coat of an inorganic 
coating in coverage. Cost of the 
two-coat system is about 4¢ per 
sq ft. 

Organic coatings have an ad- 
vantage in that they can be cured 
by air drying. Coatings dry to 
the touch in from 5 to 45 min, dry 
to handle in from 1% to 4 hr, and 
dry to a hard finish in about 24 hr. 
Complete curing for maximum 
chemical and solvent resistance 
may take several days; however, 
the coatings can be completely 
cured by baking for about 10 min 
at 300 F. 

Uses 

Zine-rich coatings are ideally 
suited for the protection of all 
ferrous surfaces exposed to cor- 
rosive atmospheres or water. The 
coatings have been used effectively 
on equipment exposed to continu- 
ous or intermittent wetting such 
as: air conditioning ducts, re- 
frigeration equipment, water 
tanks, penstocks, recirculating 
water pipes and dam gates. The 
coatings are also widely used for 
equipment maintenance and have 
proved quite valuable in touching 
up galvanized surfaces that have 
been welded or damaged. 

In the electrical industry the 
coatings are being used to protect 
such equipment as: _ insulator 
domes, capacitor boxes, trans- 
former housings and transmission 
towers. In the petroleum industry 
the coatings have been used on: 
pipelines, tanks, offshore struc- 
tures and caissons, drilling rigs, 
cooling towers, steel structures, 
etc. Similar applications have 
been made in chemical process 
equipment and plants. 
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Flow divider and fuel selector casting (sectioned to show design of internal passages). Cast 17-4 PH was 
selected for this part to meet requirements of high pressure and high temperature operation. 


17-4 PH Castings 


Strong and Corrosion Resistant 


Four years’ experience makes it possible to predict 
properties of this precipitation hardenable stainless 
steel in cast form. Availability of such data 

should broaden applications. 


by David C. Ekey, Technical Director, and Erroll V. Black, Chief Quality 
Control Engineer, Lebanon Steel Foundry 







@ A combination of high strength, 
corrosion resistance and simple 
heat treatment has made Armco 
17-4 PH a valuable material for 
aircraft and other specialized ap- 
plications. The cast version of 
this steel, designated L17 by 
Lebanon, has been in production 
for about four years, during 
which time castings varying in 
size from a few ounces to 450 Ib 
have been produced. 

Among production items at 
Lebanon are a flow divider and 
fuel selector for a jet engine, an 
engine removal track, high speed 
impellers, and valve parts for cor- 
rosion resisting applications. The 
alloy has been used also to replace 
18% chromium steel in marine, 
food and chemical equipment. 

Composition of the cast alloy is 
about 16 chromium, 4 nickel and 
2.5% copper (see Table 1). Cor- 
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rosion resisting properties are 
imparted by the chromium; pre- 
cipitation hardening characteris- 
tics by the copper. Although cast- 
ings of 17-4 PH could be used in 
a solution annealed condition, the 
advantages inherent in the alloy 
can only be developed by heat 
treatment. 

Heat treatment 

A two-stage heat treatment is 
required to develop optimum prop- 
erties in 17-4 PH castings. The 
castings are heated to the range 
1900 to 2100 F for periods that 
depend on the section thickness 
and air cooled to room tempera- 
ture. After this treatment the 
castings are in the softest condi- 
tion that can be obtained. 

For maximum hardness and 
strength the high temperature 
treatment is followed by a pre- 
cipitation hardening treatment 
consisting of heating at 875 F for 
1 hr and air cooling. Properties 
can be altered by changing the 
heat treating conditions. For ex- 
ample, ductility can be improved, 
with some loss in strength, by 
heating 3 hr at 1050 F and air 
cooling. 

Mechanical properties 

The mechanical properties of 
cast 17-4 PH depend on the pre- 
cipitation hardening treatment 
used. Table 2 shows the minimum 
properties obtained by using two 
different hardening treatments. It 
should be emphasized that these 
are minimum properties and that 
most heats will have properties 
considerably higher. Expected 
values are given in a series of 
graphs based on statistical analy- 
sis of many production heats. 

The effect of section thickness 
on properties is important in de- 





signing with castings, because the 
cast test bar may not have the 
same properties as the casting, 
particularly if there is consider- 
able difference in thickness. Table 
® compares the properties of a 
cast test bar with those of sec- 
tions of the casting. After pre- 
cipitation hardening to obtain a 
minimum tensile strength of 130,- 
000 psi, there is little variation in 
strength from the 1-in. to the 
4-in. section, although there is a 
decrease in ductility. 

Use of this alloy in jet engine 
parts is possible because it re- 
tains a large proportion of its 
strength up to at least 800 F. 
Short time tensile and creep prop- 
erties are given in Table 4. 


TABLE 1—COMPOSITION, ° 





Carbon 0.07 max 
Silicon 1.00 max 
Manganese 1.00 max 
Chromium 15.25-17.25 
Nickel 3.00-5.00 
Copper 2.30-3.00 
Phosphorus 0.04 max 
Sulfur 0.04 max 





TABLE 2—MECHANICAL PROPERTIES 





Hardening Temp, F* 


Property W 
875 1050 





Tensile Strength, 1000 psi 170 min | 130 min 


Yield Strength (0.2%), 


1000 psi 140 min | 100 min 
Elongation, % 6min|} 12min 
Reduction of Area, % 15min} 30min 


Brinell Hardness 
Endurance Limit (107 cycles), 
1000 psi» — 85 


360-420 | 269-350 








aSolution annealed 1 hr at 1900 F, air cooled 
to room temperature, precipitation hardened 
1 hr. Minimum values based on statistical 
analysis of production heats. 

bSource: Armco Steel Corp. 


Support fitting for jet engine removal track of the Chance Vought F8U-1 


is cast of 17-4 PH. 








Corrosion resistance 

Laboratory and field tests indi- 
cate that the corrosion resistance 
of 17-4 PH exceeds that of 12% 
chromium steel and approaches 
that of 18-8. The alloy is particu- 
larly resistant to salt water cor- 
rosion and pitting, and is recom- 
mended for use in mildly corro- 
sive applications requiring high 
strength combined with antigall- 
ing properties. 

Condition of the metal affects 
the corrosion rate, however, and 
the proper heat treatment must 
be selected if corrosive conditions 
are to be met in service. The 
standard test for evaluating the 


TABLE 3—EFFECT OF 
SECTION THICKNESS 





Section Thickness, 
in, # > 
Property W 
] ly 4 





Tensile Strength, 1000 psi | 148 | 145 | 144 
Yield Strength (0.2%), 


1000 psi 131 | 131 | 128 
Elongation, % 19.0 | 18.5 | 13.5 
Reduction of Area, % 53.3 | 52.0 | 36.5 


Brinell Hardness 302 | 302 | 302 








aHeat treated to a minimum tensile strength 
of 130,000 psi. 

bl-in. section from standard test bar cast 
with impeller; 11%4 and 4-in. sections from 
impeller. 


TABLE 4 -HIGH TEMPERATURE 
PROPERTIES 





Temp > 700 F | 800F 





Tensile Strength, 1000 psi 158 157.5 
Yield Strength (0.2%), 





1000 psi 138 137.5 
Stress Rupture Str, 1000 psi 
100 hr 134 | 130 
1000 hr 130 | 89 
Creep Strength, 1000 psi | 
0.1% in 1000 hr 120 50 
0.01% in 1000 hr 80 — 





Source: Armco Steel Corp. 


TABLE S—-EFFECT OF HEAT TREATMENT 
ON NITRIC ACID CORROSION 








Corrosion Rate, 
Heat Treatment in./month® 
2050 F, 2 hr 0.00485 
2050 F, 2 hr>; 875 F, 1 hr> 0.00394 
2050 F, 2 hr>; 1025 F, 3 hr> 0.1809 








aCorrosion by boiling 65% nitric acid; avg 
of five 48-hr runs. 
bAir cooled. 





after 
that 


relative resistance of stainless 
steels is the boiling 65% 


acid test. 


ing 
nitric design 
In this test a series of 
runs, usually of 48-hr duration, is 
made and the average 
rate is determined. Table 5 shows 
the corrosion rates of 17-4 PH 
after different heat treatments. 
The best resistance is obtained by 
solution annealing, followed by 
precipitation hardening at 875 F. 


corrosion 


determines 


the buyer. 


Precipitation hardening at 1025 F Machining — Solution annealed with the austenitic stainless steels. 
greatly decreases the resistance to castings can be machined by the It has excellent welding character- 
nitric acid attack. procedures used in machining istics and is not subject to inter- 
Production type 410 stainless at a Brinell granular corrosive attack result- 


Like most high strength alloys, hardness 
17-4 PH presents some casting 
difficulties. Although the alloy has 
good fluidity and can be cast with- 
out internal porosity and internal 
cracking, it resembles type 410 
steel in its tendency toward sur- 
face stress cracking during cool- 


the 


solidification. 
eliminates 
changes in section, sharp internal 
corners and heavy X or T sections 
will permit the production of cast- 
ings free from surface cracking. 
Complexity of the casting largely 
difficulties 
will be experienced in producing 
the part and the resulting cost to 


of 280-320. 
cipitation hardening machining is 
more difficult and rates should be 
reduced about 40%. 
hardening temperature is low, a 
‘asting can be machined to size 
in the solution annealed condition, 
making no allowance for scaling 


























distortion during hardening. 
In the as-cast condition, powder 
or are burning can be used to re- 
move risers or to perform other 
cutting the pre- 
cipitation hardened condition, ma- 


Proper or 


abrupt 


operations. In 
chining or abrasive wheel cutting 
that should be used to prevent stress 
cracking. 

Welding—Cast 17-4 PH can be 
welded by all of the methods used 


ing from the welding operation. 
Thus, preheating and annealing 
after welding are not required. 
Filler metal of 17-4 PH should be 
used to obtain mechanical proper- 
ties and corrosion resistance com- 
parable with that of the 
metal. 


After pre- 


Because the 


base 











Frequency 














140 «160 igeOo0—«i 
Yield Strength, |O00 ps: 


160 180 200 220 
Tensile Strength, |\OOOps: 


Frequency distribution 


Statistical analysis of many heats of cast 17-4 PH 
shows that design based on the minimum values given 
in Table 2 can be used with assurance that the proper- 
ties of the casting will always exceed these values. 

The effect of heat treatment on the frequency distribu- 
tion of various mechanical properties is shown in a series 
of graphs for precipitation hardening treatments at 
875 F and periods of 1 and 3 hr. These graphs show, for 
example, that the 1-hr treatment time produces higher 
average strengths than the 3-hr time, but the 3-hr treat- 
ment produces higher average ductilities than the 1-hr 
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Elongation, % 


of properties with relation to precipitation hardening treatment. i | 


Expected Properties of 17-4 PH Castings | 
: 
| 
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Reduction of Areo, % 


60 340 380 420 


Brinell Hardness 















460 } 


treatment. Selection of treatment time can be based on 
whichever property is the more important. 

A second series of graphs for the same properties 
shows the probability that any sample, after heat treat- 
ment at 875 F for 1 hr or 3 hr, will fall below a given 
value. For example, assuming that a tensile strength 
of 180,000 psi is desired, the tensile strength probability 
graph shows that 92% of the castings will reach this 
value after a 1-hr treatment, but that a 3-hr treatment 
will reduce the probability to 81%. Therefore a 1-hr 
treatment should be selected. | 
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notched polyester laminate. 


Fig 1—Effect of type of glass reinforcement on un- 
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type of heat resistant resin on 


unnotched laminates reinforced with 181 glass fabric. 
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epoxy-glass laminates. 


@ The growing emphasis on struc- 
tural applications of reinforced 
plastics has put a premium on 
fatigue data. Where alternating 
stresses are to be encountered in 
service. the designer or engineer 
in order to design effectively, 





Fig 3—E ffect of moisture on unnotched polyester and 
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stress concentration on notched 


polyester-glass laminates. 


must know the magnitude of the 
effect these stresses will have on 
the strength of the material after 
long periods of service. For plas- 
tics these data are limited because 
of the newness of plastics as en- 
gineering materials and the length 
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These curves give Fatigue Properties 
| Of Reinforced Plastics 


Data on what happens to glass-reinforced laminates 
| subjected to repeated stresses have been slow in 

developing. Here are the results of one of 

the most extensive studies yet made. 


of time necessary to develop 
adequate fatigue information. 
The curves and data given here 
are taken from a technical report 
of the Wright Air Development 
Center on work done under USAF 
contract at Forest Products Lab- 
oratory. The data show the effects 
of five design variables on fatigue 
strength of glass-reinforced plas- 
tics laminates. The variables are: 
1) type of glass reinforcement and 
resin, 2) moisture, 3) stress con- 
centration, 4) elevated tempera- 
ture, and 5) mean stress level. 
The designer should be cautious 
about using these curves directly 






























for design purposes. Reinforced 
plastics are extremely complex 
materials involving many vari- 
ables. The data given here repre- 
sent values obtained on the specific 
materials described in an accom 
panying box and cured under spe 
cific conditions. Fatigue charac- 
teristics may not be the same for 
some production laminates pre- 
pared in slightly different ways. 
Also, since these curves are based 
on the number of cycles to com- 
plete fracture at designated alter- 
nating stress amplitudes, no safe- 
ty factor has been included. 
Reinforcement and resin 

Fig 1 shows the effect of the 
type of glass reinforcement on 
fatigue strength of unnotched 
polyester laminates. Laminates 
reinforced with different weaves 
of glass fabric have essentially 
the same fatigue strength over the 
10,000 cycle level. Mat-reinforced 
laminates have considerably lower 
fatigue strength. Most fatigue 
strength values for glass-rein- 
forced plastics at 10 million cycles 
are about 20 to 25% of static 
tensile strength. 

Effect of direction of loading on 
fatigue strength is shown in Fig 
5 which compares fatigue strength 
of polyester laminates loaded at 
45 deg to warp with that of lam- 
inates loaded parallel (0 deg) to 
warp, at temperatures of 73, 300 
and 500 F. Static tensile strength 
at 45 deg to warp is usually lower 
than that at 0 deg to warp and 
consequently fatigue strength is 
also lower. 

At room temperature, laminates 
at 45 deg to warp reach an en- 
durance limit of 6500 psi at about 
40,000 cycles. These values agree 
with previously obtained data. 
Laminates loaded at 0 deg to warp 
do not show an endurance limit at 
room temperature, even at 10 mil- 
lion cycles. At elevated tempera- 
tures the S-N curves continue 
downward to such a degree that it 
is uncertain whether or not an 
endurance limit is reached at 10 
million cycles. 

Fig 2 shows effect of type of 





Based on WADC Technical Report 55-389, 
‘Fatigue Properties of Various Glass-Fiber- 
Reinforced Plastic Laminates,” by K. H. 
Boller, Forest Products Laboratory, May °56. 


resin on fatigue. At 10 million 
cycles phenolic laminates show the 
highest fatigue strength, followed 
by heat resistant epoxy, polyester 
and silicone. 
Moisture 

Although the moisture absorbed 
by glass-reinforced laminates is 
only on the order of 0.5 to 2%, it 
causes reductions in both static 
short time strength and in fatigue 
strength. For example, the short 
time tensile strength of a stand- 
ard polyester laminate is reduced 
from 46,000 to 42,300 psi by mois- 
ture, and fatigue strength at 1000 
cycles is reduced from 10,400 to 


9400 psi (see Fig 3). As number 
of cycles is increased, the effect of 
fatigue 


moisture in reducing 
strength lessens so that fatigue 
strength of standard polyester 
resin laminates at 10 million cycles 
after moisture conditioning is re- 
duced by only 2% of their static 
tensile strength. 
The effect of 
fatigue strength of epoxy lamin- 


moisture on 


ates seems to be negligible. 
Stress concentration 

Notching reduces the fatigue 
strength of reinforced plastics in 
almost every case. Fig 4 shows the 
magnitude of this effect on stand- 





Materials 

All specimens were flat, glass- 
reinforced panels approximately 
14 in. thick, made or procured 
by Forest Products Laboratory 
to materials specifications sup- 
plied by Wright Air Develop- 
ment Center. 

Of the 10 laminates studied, 
four were made with heat re- 
sistant resins: 1) TAC-modified 
polyester (PDL-7-669, 2) epoxy 
(Epon X12100), 3 phenolic 
(BV 17085), and 4) silicone (DC 
2106). All of these laminates 
were reinforced with 181 glass 
fabric with Volan A finish, ex- 
cept the silicone laminates, which 
were made with heat-cleaned 
{81 glass fabric. The other six 
laminates were standard mate- 
rials: an epoxy (Epon 828 CL 
and five polyesters (Paraplex 
P 43). The standard epoxy 
laminate was reinforced with 
181 cloth and the polyester lami- 
nates were reinforced with 181, 
112, 120 and 184 cloth and a 
1% oz mat. All of the woven 
fabrics had Volan A finish and 
were parallel laminated. 

Notched specimens were the 
same size and shape as the un- 
notched specimens. The notch 
was a hole of %-in. dia at the 
center of the specimen. Data 
from previous work indicate 
that the notch and the 4-in. 
radius used to reduce the width 





How the Curves Were Obtained 


of the specimen caused a reduc- 
tion in average stress of 20 to 
28% in tension and an increase 
in average stress of 6 to 20% in 
compression. 

Test procedure 

Ten specimens for fatigue 
tests and five specimens for 
static tests of ultimate tensile 
strength were cut from each 
material, making a total of 15 
basic matched specimens for 
each S-N curve. After static 
ultimate tensile strengths had 
been determined, alternating 
stress amplitudes were assigned 
to a series of fatigue specimens 
of that material. The highest 
alternating stress assigned was 
about 70% of the static tensile 
strength, and the percentage 
was decreased on subsequent 
specimens until a specimen en- 
dured 10 million cycles. Curves 
were then plotted from cycles-to- 
rupture at the various alter- 
nating stress amplitudes. 

All fatigue specimens were 
axially loaded by fatigue ma- 
chines. For high temperature 
tests, the specimens were en- 
closed in ovens. Tension and 
compression loads were applied 
alternately by an eccentric op- 
erating at 900 rpm. Heat gen- 
erated in the neck section of 
specimens was removed by a 
12-in. fan continuously blowing 
air past the specimen. 
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ard polyester laminates reinforced 
with various types of glass cloth 
and mat. The effect of notch on 
fatigue strength is clearly shown 
when the curves of Fig 4 are com- 
pared with those of Fig 1. For 
standard polyester laminates, re- 


ductions in fatigue strength 
caused by notching are approxi- 
mately the same at various cycle 
levels up to 10 million cycles. This 
is indicated by the parallelism of 
corresponding S-N curves in Fig 1 
and Fig 4. Effect of notch on heat 
resistant epoxy, phenolic and sili- 
cone laminates is shown in Fig 
6, 7 and 8. 

Average fatigue strength of 
notched laminates at room tem- 
perature after 10 million cycles at 
zero mean stress is about 23% of 
room temperature ultimate tensile 
strength, as compared with about 
27.5% for unnotched laminates. 


Reinforcement: /8/ glass fabric 





This 4.5% reduction is reflected 
in the difference between notched 
and unnotched S-N curves. 

Effect of notching on fatigue 
strength at 10 million cycles at 
elevated temperatures, particular- 
ly 500 F, is generally smaller than 
at room temperature. Fig 6, 7 and 
8 compare the fatigue strengths 
of heat resistant epoxy, phenolic 
and silicone laminates at room 
temperature, at 300 F and at 500 
F. The curves for phenolic and 
silicone laminates show most 
clearly the decreasing effect of 
notch on fatigue strength as tem- 
peratures increase. At elevated 
temperatures, failure of specimens 
is commonly in compression. Since 
the notch tends to have a lesser 
effect on failure in compression 
than on failure in tension fatigue 
data at elevated temperatures 
should probably not be used to de- 


termine notch sensitivity of a 
material. 
Elevated temperature 

Exposure to elevated tempera- 
tures reduces fatigue strength. 
Fatigue data for heat resistant 
polyester, epoxy, phenolic and sili- 
cone laminates are shown in Fig 
5, 6, 7 and 8 at room tempera- 
ture, at 300 F and at 500 F. The 
degree to which fatigue strength 
suffers is dependent on the type of 
resin and its ability to retain 
strength after increasing periods 
of high temperature exposure. 

A word of caution should be 
given regarding these high tem- 
perature fatigue data. As _ is 
pointed out in an accompanying 
box, all tests were carried out at a 
frequency of 900 cycles per min. 
Since the frequency used de- 
termines the length of exposure 
of the specimens to elevated tem- 
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Reinforcement. /8/ glass fabric 
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Fig 6—Effect of heat on unnotched and notched heat 


resistant epoxy-glass laminate. 
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Cycles to Failure 


Fig 8—Effect of heat on unnotched and notched 


silicone-glass laminate. 
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peratures, tests conducted at dif- 
ferent frequences might provide 
different results. 
lower test 


For example, a 
frequency would in- 
crease time of exposure and would 
probably lead to lower fatigue 
strengths, particularly at the larg- 
er numbers of cycles. Conversely, 
a higher test frequency might be 
expected to lead to higher fatigue 
strengths because of the reduced 
time of exposure. 

Mean stress level abr, 

In practical applications of re- 
inforced plastics, many conditions 
When a 
structural component is designed 
so that in a static condition it is 
essentially unstressed, and_ in 
service, stresses imposed are com- 
pletely reversed (i.e., alternating 
tensile and compressive stresses 
are equal), the mean stress level 
of the component is zero. When 
the component is designed so that 
in a static condition it is stressed 
in either tension or compression, 
and, as before, service stresses are 
completely reversed, the mean 
stress level of the component is 
equivalent to the static prestress. 
When the alternating’ service 
stresses are not completely re- 
versed, the mean stress level is 
equivalent to the difference in 
magnitude between the two stress- 
es; e.g., if tensile stress amplitude 
is 15,000 psi and compressive 
stress amplitude is 10,000 psi, the 
mean stress level is 5000 psi in 
tension. The mean stress level may 
vary from zero to the ultimate 
strength of the material. 

Fig 9 and 10 show the relation 
between mean stress, alternating 
stress amplitude and time when 
other factors remain constant. 
Values are given for unnotched 
heat resistant polyester laminates 
reinforced with 181 glass cloth. 
Data in Fig 9 were obtained at 
73 F and 50% relative humidity, 
whereas data in Fig 10 were ob- 
tained at 300 F. The ordinates of 
the graphs show alternating stress 
amplitude either in tension or 
compression, and the intersects of 
the curves on the ordinate repre- 
sent fatigue strengths at zero 
mean stress at the number of 
cycles shown. The abscissas show 
mean stress level, and the inter- 


of stress can prevail. 
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Fig 9—Effect of mean stress on 
alternating stress amplitude of un- 
notched heat resistant polyester-glass 
laminate at room temperature. 
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Fig 10—Effect of mean stress on 
alternating stress amplitude of un- 
notched heat resistant polyester-glass 
laminate at 300 F. 
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Fig 11—When compressive strength is less than tensile strength, this is the 
effect of mean stress on alternating stress amplitude (tested at 500 F') of an 


unnotched heat resistant polyester-glass laminate. 


sects of the curves on the abscis- 
sas show the steady stress (from 
stress-rupture data) which can be 
supported for periods equivalent 
to the number of cycles shown. 
The curves show that, as mean 
stress levels increase, the ampli- 
tude of alternating stresses that 
can be borne in service decreases 
as number of cycles increases. 

At elevated temperatures, lam- 
inated plastics do not always have 
equal tensile and compressive 
strength values. If tensile and 
compressive strength are not 






equal, the alternating stress am- 
plitude that can be sustained for 
a given number of cycles depends 
in part on the compressive 
strength. For example, when mean 
stress is applied in tension, some- 
what higher alternating stress 
amplitudes can be sustained at low 
levels of mean stress than at zero 
mean stress. This effect is shown 
by the curves in Fig 11, which plot 
both tensile and compressive 
strengths of an unnotched heat 
resistant polyester laminate (181 
glass cloth) tested at 500 F. 
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wall fit. 


Fuel line filters of knitted wire are resilient 
and do not require precise machining for side- 


; t 
Gaskets of knitted a 
sufficient resiliency to produce tight joints on uneven surfaces, 


have excellent conductivity and 


thereby preventing RF leakage. 


Where to Use 


Knitted Metal 





Parts 


Here are eight new areas of application 
for knitted metal mesh—a group of 
materials having unique resiliency. 


by Ralf L. Hartwell, Executive Vice President, Metal Textile Corp. 


@ Knitted metal mesh has a num- 
ber of unusual properties that 
make it suited for a variety of 
applications. Unlike woven wire 
(screen cloth), knitted mesh is 
produced by interlacing loops of 
wire. Because of this difference in 
structure, it has vastly different 
properties, particularly from the 
point of view of resiliency. Some 
special characteristics: 

1. Knitting produces a mesh of 
interlocking loops, each loop act- 
ing as a small spring under load- 
ing and giving resiliency to the 
finished part. If stressing is not 
too severe, complete recovery of 
the shape results when stress 
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is removed. In contrast, woven 
meshes cannot withstand similar 
deflection under load without per- 
manent deformation. 

2. Free volume can be controlled 
between 50 and 98%, since it is 
possible to knit a mesh having 
interstices of almost any desired 
size, regardless of wire diameter. 
With 98% free volume, wires are 
widely spaced; if a similar spac- 
ing were attempted with woven 
wire, the mesh would be practi- 
cally impossible to handle because 
it would not retain its shape. 

3. Asymmetrical mesh openings, 
resulting from knitting, are ad- 
vantageous in certain electronic 
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applications such as the special 
tube grids discussed later. The 
symmetrical mesh produced in 
weaving does not provide the 
same electronic characteristics. 
On the other hand, woven wire 
can be used for sieves, whereas 
knitted wire is not suitable for 
applications of this kind. 

Knitted mesh parts are regu- 
larly made from wire in the range 
of 0.0005 and 0.025 in. in dia. 
Widely used materials are copper, 
aluminum, stainless steels, brasses, 
Monel and other nickel alloys. 

A number of applications of 
knitted mesh were discussed 
briefly in a previous. article 
(M&M, Aug ’51, p 61). These 
included a “mist eliminator” for 
separation of a liquid from a gas, 
separation of oil and water in 
de-oilers that operate on a coales- 
cing principle, expansion joints 
for aircraft exhaust systems, 
radar reflectors, and contact elec- 
trodes for use in therapy. This 
article discusses some more recent 
applications. 

Fuel line filters 

Conversion of diesel engine fuel 
line filters from metal powder 
parts to knitted wire has a num- 
ber of advantages. Knitted wire 
filters are made from continuous 
lengths of wire; hence metallic 
particles cannot flake off. The re- 
siliency of the knitted wire in- 
sures a good fit of the filter in its 
housing without costly machining 
of the seat. Knitted wire filters 
can be made less dense than sin- 











Heat dissipation sleeves for subminiature glass tube envelopes 
offer high efficiencies for tube cooling. 


tered metal units and still remove 
the same size dirt particles. The 
additional free volume reduces the 
pressure drop across the unit and 
makes it less susceptible to plug- 
ging. 

However, a sintered metal filter 
can be made in shapes that cannot 
be produced from knitted wire. 
For example, there are limitations 
in the ratio of height to diameter 
of a filter produced from knitted 
wire. 

Laundry press pads 

Until a few years ago laundry 
press pads were usually made of 
cotton. These pads harden under 
constant use, and to assure proper 
operation it is necessary to adjust 
the press every two weeks and 
to replace the pads every three 
months. Although cotton is still 
used to some extent, knitted 
Monel or stainless steel pads have 
taken oyer a great part of the 
field. Knitted wire pads are re- 
silient enough: to maintain proper 
pressing characteristics for peri- 
ods of up to five years. 
Vibration and shock absorbers 

Rubber is commonly used in 
shock absorbers. However, rubber 
has definite temperature limita- 
tions and also becomes hard after 
aging. It also is affected by high 
frequency vibration, the mechani- 
cal energy being converted into 
heat that raises the temperature 
of the shock absorber and reduces 
its resiliency. 

Metal shock absorbers have cer- 
tain definite advantages that are 


Large diameter tower packing for frac- 






tional distillation has low pressure drop and 
excellent theoretical plate efficiency. 





Robinson Aviation, Inc. 


Shock and vibration control mountings for airborne and industrial equip- 
ment use resilient cushions fabricated from stainless steel wire. Individual 
cushion assembly is shown at left; complete mounting at right. 


just being recognized. They can 
be knitted and formed with free 
volumes ranging from 50 to 98%, 
and thus offer a great range of 
rigidity. By selecting the proper 
wire, you can make shock absorb- 
ers that maintain their resiliency 
from -—90 F to 1000 F. They do 
not harden on aging, and high 
frequency vibrations do not raise 
the temperature enough to affect 
the spring action. Among present 
uses of knitted wire shock absorb- 
ers are mounts for aircraft com- 
munications, radar and other avi- 
onic equipment; and guided mis- 
siles. 
Clamp liners 

A number of materials can be 
used as tube clamp liners, includ- 
ing rubber, rubber-asbestos mix- 
tures and asbestos. Rubber and 
rubber-asbestos are excellent ma- 
terials but have definite tempera- 
ture limitations. Asbestos does not 


have these limitations, but it does 
pack when subjected to high tem- 
peratures and vibration. Knitted 
wire has characteristics that make 
it very useful for tube clamp 
liners. Because parts can _ be 
knitted from any material avail- 
able in wire form, selection can 
be made to meet a wide range 
of temperature conditions with 
the assurance that the liner will 
remain resilient. Further, its 
electrical conductivity permits 
grounding the conduit through 
the clamp liner itself. 
Electronic shielding 

Resilience and electrical conduc- 
tivity, inherent in knitted wire 
mesh, are the two essential prop- 
erties of a radio frequency shield- 
ing gasket. Because RF energy 
can leak through very small slits, 
the gasket must be_ resilient 
enough to make continuous con- 
tact, despite irregularities in 
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Goodloe tower packing has high 


theoretical plate efficiency and low 


pressure drop per theoretical plate 
in comparison with Raschig rings. 


mating surfaces. The gasket must 
be conductive enough to absorb 
or reflect all the RF energy which 
otherwise would be radiated 
through the joint. These RF 
shielding gaskets are used to 
suppress radiation radio  fre- 
quency interference which is un- 
avoidably created by most types 
of electrically operated equipment. 

Conductive rubber has _ been 
suggested for gaskets, but its con- 
ductivity is much too low for 
effective service. Woven wire has 
excellent conductivity but is not 
resilient enough to make a tight 
joint unless the mating surfaces 
are carefully machined. 

Knitted wire gaskets combine 
excellent conductivity with suffi- 
cient resiliency to provide tight 
joints with uneven mating sur- 
faces. These gaskets are gener- 
ally knitted of aluminum, Monel 
or silver plated brass wire. 

Selection of the material de- 
pends on the specific problem. For 
instance, aluminum gaskets are 
used in contact with aluminum 
and magnesium enclosures if 
strict adherence to galvanic cor- 
rosion specifications is required, 
as in certain highly specialized 
military equipment. Although 
Monel is the most corrosion re- 
sistant of the three materials, 
galvanic corrosion in contact with 
aluminum raises questions con- 
cerning its use with aluminum 
enclosures. In practice, however, 
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the mass of the knitted Monel 
gasket is so much smaller than 
that of the aluminum that gal- 
vanic corrosion is minimized. Be- 
cause of this effect, Monel shield- 
ing gaskets are used in contact 
with aluminum in much military 
electronic equipment. 

Silver plated brass offers the 
best over-all conductivity. (Silver 
has low contact resistance, and 
brass is more conductive than 
Monel, but not as conductive as 
aluminum.) Although the combi- 
nation is less corrosion resistant 
than Monel, its corrosion products 
are generally conductive. Gaskets 
made of silver plated brass offer 
the best compromise between high 
intrinsic conductivity and low con- 
tact resistance in average corro- 
sive environments. 

Heat dissipation 

A major problem in subminia- 
ture assemblies of electronic tubes 
is removal of the heat generated 
in the tube; tubes that run cool 
outlast those running hot by a 
wide margin. One method of re- 
moving heat is to surround the 
glass tube envelope with a heat 
conductor. Many metals can be 
used for this purpose, but efficient 
results depend on close contact be- 
tween the glass envelope and the 
conducting metal. Although spring 
clips and other spring-loaded de- 
vices have been used, the actual 
surface area in contact with the 
tube is restricted. Knitted wire 
sleeves are sufficiently resilient so 
that, when forced over the tube 
envelope, they produce a tight fit 
and make intimate contact with 
the glass at many points. Thus, 
a sleeve knitted from wire of high 
thermal conductivity becomes an 
efficient heat conductor. 

A specific example is an as- 
sembly of 34 subminiature tubes 
in an airborne telemetering de- 
vice. Knitted aluminum wire 
sleeves 4g in. thick having an in- 
ternal dia of % in. were used on 
these tubes. The sleeves were 
covered with silver plated copper 
foil and clamped with a spring 
bracket. In a test run, with the 
assembled unit operating at a 
stabilized ambient temperature of 
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130 F, the temperature inside the 
unit reached 220 F. Temperatures 
on the shielded tubes reached 
275 F—well within safe operat- 
ing temperature ranges—whereas 
temperatures on unshielded tubes 
reached 345 F—much above the 
maximum permissible (300 F). 
Electron tube grids 

Knitted wire mesh, when made 
from fine wire, has unique prop- 
erties which make it very useful 
as a grid material in some special 
electron tubes. 

Specifically : 

1. The mesh has low “shadow.” 
A mesh knitted from 0.0005-in. 
dia tungsten casts only 5% 
shadow, yet is mechanically stable 
and easily handled. 

2. The mesh has asymmetrical 
openings. This means zoning pat- 
terns will not form when succes- 
sive layers of mesh are used. This 
desirable lack of symmetry is pos- 
sible without loss of control of the 
number of mesh openings per in. 

3. The mesh will maintain a 
plane despite temperature varia- 
tions. In woven wire, the wires 
are essentially straight and the 
entire mesh must bulge out of 
plane to compensate for increased 
wire length due to expansion with 
increasing temperature. In knit- 
ted mesh the loop shape changes 
slightly to compensate for in- 
creased length and the mesh main- 
tains a constant plane. 

Tower packing 

Many different materials are 
used as tower packings to promote 
contact between liquids and va- 
pors or gases. Cylindrical car- 
tridges made by rolling together 
two crimped, flattened tubes of 
knitted wire mesh provide an out- 
standing capillary type tower 
packing. The packing has good 
capacity, high theoretical plate 
efficiency, quite a low pressure 
drop per theoretical plate, as 
shown by comparison with Rashig 
rings in an accompanying graph. 

The resilient nature of this 
packing, called Goodloe packing, 
provides a good fit in columns that 
are not exactly of the specified 
diameter, are tapered, or are out 
of round. 
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Magnesium 
and Its Alloys 


by M. W. Mote and R. J. Jackson, 
Battelle Memorial Institute 


Increased civilian use of magne- 
sium since World War II has resulted 
from introduction of new alloys, de- 
velopment of the hot chamber die 
casting process, improved finishing 
systems, and large-scale production 
of sheet and plate. Here is an up to 
date 20-page manual on the proper- 
ties, fabrication and uses of the 
magnesium alloys now commercially 
available. 
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Types and 
Forms Available 


Unalloyed magnesium has little 
useful application. Physical prop- 
erties such as conductivity, reflec- 
tivity and appearance do not pro- 
mote its use as they do for alu- 
minum or copper in many appli- 
cations. For this reason most 
available forms of magnesium are 
alloys, the exception being pure 
magnesium pig for foundry pur- 
poses. 

Alloying elements commonly 
used in magnesium include alumi- 
num, manganese, zinc, zirconium, 
Mischmetal (or rare earths) and 
thorium. A manganese alloy has 
been available in wrought form 
for a number of years and finds 
many applications where form- 
ability is of paramount impor- 
tance. Aluminum-zinc alloys, both 
wrought and cast, has been used 
for many years to good advantage. 
More recently, the rare earth 
metals and zirconium have been 
added to promote elevated tem- 
perature properties and grain re- 
finement. Proper combinations of 
these alloying elements provide 
alloys suitable for castings, for 
forgings and extrusions, and for 
sheet and plate. Many of these 
alloys are heat treatable; others 
can be cold worked to improve 
mechanical properties. 

Standard designations for mag- 
nesium alloys are given in Table 
1, and nominal compositions in 


Table 2. 


Engineering 
Properties 


Properties of magnesium alloys 
depend on the configuration and 
size of the desired part as well as 
on the composition and history of 
the material. For example, 1%-in. 
sheet generally shows greater ten- 
sile strength and ductility than 
14-in. plate of the same composi- 
tion; and a cast section 4 in. 
thick is generally superior to the 
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TABLE 1——DESIGNATIONS FOR MAGNESIUM AND MAGNESIUM ALLOYS 








| 
| 


Proprietary 
Nomenclature 
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ASTM Federa! or Military Used Prior to 
Adoption of 
Alloy Spec Alloy Spec AMS | SAE Standard 
and Temper No. and Temper No. No. | No. Nomenclature 
Ingot 
-- B 92-52 Mil-M-20161 AM2S 
AM80A B 93-52T AM241, A 
AM100A B 93-52T AM240, G 
AZ63A B 93-52T AM265, 630, H 
AZ9IA B 93-52T AM263, 910, R 
AZ91B B 93-52T 910 
AZ9I1C B 93-52T - AMA263, 910 
AZ92A B 93-52T — - | AM260, 920, C 
M1B B 93-52T — AM403, M 
AZ81* — — — — | AZ81XA 
Sand Castings 
AM80A -F B 80-54T - — A-F, A8 
AM80A -T4 | B 80-54T — — — A-T4, AM241-T4 
AM80A -T6 | B 80-54T — — - 
AM100A -T6 | B 80-54T — — | — - AM240-T61 
AZ63A -F | B 80-54T AZ63 AC’ | QQ-M-56 4420 50 | AM265-F>, 630, 
H-F, 15A, AZG} 
AZ63A -T5 | B 80-54T AZ63. ACS | QQ-M-56 AM265-T51, H-T5 
AZ63A -T4 | B 80-54T AZ63_ HT QQ-M-56 4422 a H-T4, 
15A-S 
AZ63A -T6 | B 80-54T AZ63_ HTA | QQ-M-56 4424 AM265-T6, H-T6, 
15A-STA 
AZ63A -T7 — AZ63 HTS | QQ-M-56 AM265-T7 
AZ9IC -F B 80-54T AZ91 AC | QQ-M-56 504 . AMA263-F, 910 
AZ91C -T4 | B 80-54T AZ91 HT | QQ-M-56 AMA263-T4 
AZ91C -T6 | B 80-54T AZ91 HTA | QQ-M-56 AMA263-T6 
AZ92A ~F B 80-54T AZ92. AC | QQ-M-56 | 500 | . 920, 
C-F, 
AZ92A -T5 | B 80-54T AZ92. ACS | QQ-M-56 AM260-T51, C-T5 
AZ92A -T4 | B 80-54T AZ92. HT | QQ-M-56 _—*” C-T4, 
56- 
AZ92A -T6 | B 80-54T AZ92_ HTA | QQ-M-56 4434 — 
56-STA 
AZ92A T7 _ AZ92_ HTS | QQ-M-56 AM260-T7 
EK30A -T6 | B 80-54T _ _ _ AMA130-T6 
EK41A -T5 | B80-54T — _ _ | 517, AMA130-T5 
EK41A -T6 | B 80-54T —_ —_ ' 517, AMA130-T6 
EZ33A T5 | B80-54T EZ33A -T5 MIL-M-9433 AMA131-T5, ZRE1 
MIB F B 80-54T Ml AC | QQ-M-56 AM403-F, M 
ZK51A _F — ZK51 -F | MIL-M-8213 752 
ZK51A T5 | B80-54T ZK51 -T5 | MIL-M-8213 | 920, Z5Z 
ZK61A -T6 | B 80-54T _ — | a | 
AM40 _F — ~ —_— | _ | AM244-F 
HK31A -T6 — — —_ | —_ HK31XA-T6 
HZ32A— -T5 — ef ee — | — | HZ32XA-T5, 271 
ZH62 -T5 — _ — | — — | | ZH62XA-T5, TZ6 
ZE41« -T§ | — — — — — | RZ5 
Agia TA | Ka = AZ81XA-T4 
AM120# -F — — _ - AM246-F 
AM120' -T51 — - AM246-T51 
Permanent Mold Castings 
AM100A  -F B 199-54T Ald AC QQ-M-55 — | 502 | AM240-F, G-F 
AM100A -T5 | B199-54T — — — — — | AM240-T51 
AM100A -T4 | B199-54T Al0 HT QQ-M-55 _ — | AM240-T4, G-T4 
AM100A_ = -T61 | B 199-54T Al0 HTA2 | QQ-M-55 — — | AM240-T61,G-T61 
AMI00A -T6 | B199-54T Ald HTAI1 | QQ-M-55 _- — | AM240-T6, G-T6 
AM100A -T7 | — — _ — — — | AM240-T7 
AZ92A -F B 199-54T AZ92_ AC QQ-M-55 | — | 503 7 te e920, 
= 
AZ92A -T5 | B199-54T AZ92. ACS | QQ-M-55 — — | AM260-T51,C-T5 
AZ92A -T4 | B 199-54T AZ92_ HT QQ-M-55 — — il C-T4, 
15B- 
AZ92A -T6 | B199-54T AZ92. HTA | QQ-M-55 4484 | — | AM260-T6, C-T6, 
| 15B-STA 
A792A -T7 | ~ ee - — | — | AM260-17 
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TABLE 1—(Continued) 










































































| | Proprietary 
Nomenclature 
ASTM Federal or Military | | _—'|_ Used Prior to 
-— —__— : - | Adoption of 
Alloy | Spec Alloy Spec AMS | SAE Standard 
and Temper i No. and Temper No. | No. | No. | Nomenclature 
Die Castings 
AM100B — B 94-52 - — | — — | 
AZ91A — B 94-52 — | QQ-M-38 | 4490 | 500 | AM263-F, 910, 
| | R, 15C, AZ91 
AZ91B — B 94-52 — — — | — | 501A} 910, RC 
AM108 ” - -_ } — | — | 130 
Extrusions 
AZ31B -F B 107-53T AZ31B — QQ-M-3la — 52 | AMC52S, FS1 
AZ61A -F B 107-53T AZ61A — QQ-M-3la 4350 | 520 | AMC57S, J1 
AZ80A _F B 107-53T AZ80A -F QQ-M-3la — | 523 | AMC58S-F,01-F 
AZ80A -TS | B107-53T AZ80A -T5 QQ-M-3la — | — | AMC58S-T51, 
01-T5 
MIA -F B 107-53T Ml — QQ-M-3la — | 522 | AM3S,M 
ZK60A -F B 107-53T ZK60A -F QQ-M-3la or | 4352 | 524 | ZK60A-F, 
MIL-M-5354A AMA/76S-F 
ZK60A -T5 | B107-53T ZK60A -T5 QQ-M-3la or | 4352 | 524 | ZK60A-T5, 
MIL-M-5354A | AMA/76S-T5 
MZ10* — — — — — |} — | — | MF 
Als  — | — a “ ~ | — | 
Mg99.8" — | = - - — | — | AM2s 
Tubing 
AZ31B — B 217-53T AZ31X — ___| WW-T-825 — 92 | AMC52S-F, FS1 
AZ61A — B 217-53T AZ61X — WW-T-825 4350 | 520 | AMC5/7S-F, Jl 
MIA — | B 217-53T Ml — WW-T-825 — | 522 | AM3S,M 
ZK60A -F B 217-53T _ — — 4352 | 524 | AMA76S-F 
ZK60A -T5 | B217-53T —_ — — 4352 | 524 | AMA76S-T5 
Mg99.8* — | — _ — — — | — | AM2S 
MZ10* — — —_-_ — — }— — | MF 
AZ51* — — —_ — — — — | JSl 
Forgings 
AZ31B — | B 91-54T —_ — QQ-M-40 | — | — | FSl 
AZ61A — B 91-54T AZ61A — QQ-M-40 | 4358 | 531 | AMC5/S, J1 
AZ80A F | B91-54T AZ80A -F QQ-M-40 | 4360 | 932 | AMC58S, 01-F 
AZ80A T5 | B91-54T AZ80A -FA QQ-M-40 = | — | AMC58S-T5, 
| | 01-T5 
TA54A — B 91-54T TAS4A — =| QQ-M-40 — | 83 | AM65S 
ZK60A — | — —_ — — — | — | AMA76S-F 
ZK60A -T5 | B91-54T ZK60A -FA QQ-M-0040 | 4362 | — | AMA76S-T5 
MIA we | _ MIA — QQ-M-40 — | 533 | AM3S, M 
Sheet 
AZ31A -0 B 90-51T — -A QQ-M-44 4375 | 510 | FS1-0, 
AMC52S-0 
AZ31A -F — _ — _— — — | FSI-F 
AZ31A -H10 — _ — — — — | FSI1-H10 
AZ31A -H11 — —_-_ — — — — | FSI-Hll 
AZ31A -H23 —_ _-_ — — — — | FS1-H23 
AZ31A -H24 | B 90-51T — -H QQ-M-44 — — | FS1-H24, 
AMC52S-H24 
AZ31A -H26 -- _-_ — —~ 4376 | — | FS1-H26 
AZ31B -0 — _-_ — — — — | FSIW-0 
AZ31B -H24 — —_ — — — — | FSIW-H24 
MIA -F — _-_ — — — — | M-F, AM3S-F 
MIA -0 B 90-51T — -A QQ-M-54 4370 | 51 | M-O, AM3S-0 
MIA -H24 | B 90-51T — -H QQ-M-54 — — | M-H24, AM3S-H24 
AZ51* — — —_ — — — — | JS1-0, JS1-F 
JS1-H24 
MZ10* — — _ — — — — | MF-O, MF-F 
MF-H24 
HK31A-T6 — — —_-_ — — -- — | HK31XA-T6 
HM21XA-T8— — —_ — — — — | HM21XA-T8 























sAlloys whose composition is not shown in ASTM specifications. Designation follows ASTM 
rules but no final letter is given. 

bAM266 has similar nominal composition but wider impurity limits. 

cAM262 has similar nominal composition but wider impurity limits. 


same composition in a l-in. sec- 
tion. Similarly, the strength of 
extrusions often’ reflects’ the 
method of extrusion and the de- 
gree of reduction. Because of the 
importance of section size, data 


listed in Tables 3, 4 and 5 are 
merely typical and cannot be con- 
sidered design data. 

Mechanical properties are gen- 
erally determined by ASTM stand- 
ard methods. Properties of cast- 
ing alloys are usually determined 
on separately cast test bars, with 
most purchasing specifications re- 
quiring that test coupons cut from 
the casting have a specified pro- 
portion of the properties exhibited 
by these bars. Based on experi- 
ence, it is safe to generalize that 
the thinner the cast section, the 
better its properties. Since the 
data in this article were obtained 
on cast-to-size 4-in. round tensile 
bars, thinner cast sections may be 
expected to show better properties 
than those given here. Adherence 
to close tolerances on the design 
strength level probably will re- 
quire testing of complete castings 
rather than tensile specimens. 
Tensile and creep properties 

Selected tensile data for mag- 
nesium alloys at room and ele- 
vated temperatures are given in 
Table 3. For various reasons re- 
lated to crystal structure, modes 
of deformation and degree of pre- 
ferred crystal orientation, com- 
pressive yield strengths of high 
strength wrought alloys are often 
as low as 85% of the tensile yield 
strength. In many wrought alloys, 
however, differences are less sig- 
nificant at elevated temperatures. 
Most cast alloys exhibit essentially 
equivalent tensile and compressive 
yield strengths. 

Elevated temperature values re- 
ported in Table 3 are for short 
time tensile tests. Because metal- 
lurgical changes can take place at 
these temperatures, the strengths 
at temperature after exposure for 
periods up to 1000 hr are interest- 
ing. Although it is necessary for 
some applications to know the 
effect of such exposures on room 
temperature properties, these re- 
quirements are too specific to at- 
tempt to characterize here. It 
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suffices to note that many of the 
newer alloys are adequately stable 
at temperatures up to 500 F for 
prolonged engineering service, and 
that recent thorium alloys exhibit 


excellent stability up to 700 F. 

Another measure of serviceabil- 
ity at elevated temperatures is 
creep resistance. Tables 4 and 5 
show the creep properties of a 
number of cast and wrought al- 
loys. Casting alloys for elevated 
temperature service have been 
available for some time. Only 
recently have the HK and HM 
wrought alloys been produced. 
Worthy of special note is a com- 
parison drawn at the 1957 ASM 
Western Metal Congress between 
HK31A-T6 and HM21XA-T8. As 
shown in Table 5, the latter alloy 
exhibits superior creep resistance 
at 500 F and 600 F. However, for 
applications shorter than 30 min 
HK31A-T6 is better than HM21- 
XA-T8. Such short time applica- 
tions are of increasing interest as 
newer airframe and missile de- 
signs are developed. 


Fatigue resistance 

In common with other non- 
ferrous alloys, magnesium does not 
have an endurance limit. How- 
ever, the slope of the S-N curve at 
10° or 10’ cycles is quite low, and 
safe limits of cyclic stress can be 
approximated. Available data in- 
dicate that fatigue resistance of 
alloys is related to differences in 





TABLE 3—TYPICAL TENSILE PROPERTIES 


















































Temperature > 0 F 200 F 
Alloy Designation W Ten Yid Ten Yid 
rhe) Str, Str, Elong, Str, Str, Elong, 
ASTM Temper ksi ksi % ksi ksi | % 

SAND CASTINGS 

AM80A _, eee 39.0 15.0 9 — — 

AM100A T6.. 40.0 19.0 ] — —_ _ 

AZ63A er 40.0 19.0 | 5 38.0 16.5 ll 

AZ91C T6.. 40.0 210 | 6 — — — 

AZ92A T6.. 43.4 26.0 | 2 41.3 22.0 25 

EK30A T6.. 23.0 16.0 | 3 22.0 150 | 4 

EK41A T6.. 25.0 | 18.0 3 23.0 16.0 5 

EZ33A T5.. 23.0 16.0 3 23.0 15.0 6 

ZK51A 70... 38.0 24.0 7 30.0 21.0 12 

ZK61A 39.5 23.9 5 — — _ 

HK31A T6.. eae 16.2 6 — - 

HZ32A T5.. a? | | CS _ — — 

ZH62 Te.. 400 | 20 | 10 33.0 23.0 20 

ae i CMe 30.0 | 19.0 | 3 — — — 

HK21 T6.. 32.1 | 13.9 8 — — — 
FORGINGS 

AZ80A vi ascieeces 50.0 34.0 5 43.0 27.0 15 

MIA are Pes 33.6 18.8 12 23.1 13.8 26 
EXTRUSIONS 

AZ31B Pere 39.9 28.6 17 34.8 22.0 20 

AZ61A ee 48.8 331 | 14 42.3 26.4 2i 

AZ80A Seren 56.5 40.5 4 48.5 32.1 20 

M1A (eee 39.6 30.9 8 27.0 21.3 15 

ZK60A ¥e.. 53.0 44.0 ll | o— 32.0 — 

HM31A F. 43.0 40.0 ll {| — — — 
SHEET 

AZ31B H24 41.0 32.0 14 34.0 24.0 35 

MIA H24... 36.0 27.0 10 29.7 26.7 8 

HK31A | Té6.. ee oe! 21.0 14 — — —~ 

HM21XA T8.. 34.0 25.0 10 — — _ 





TABLE 2—NOMINAL COMPOSITIONSJOF COMMERCIAL MAGNESIUM-BASE ALLOYS 

















Designation Composition, % 
Rare | 
ASTM Equivalent Al | Zn | Mn | garths | Th | Zr 
} | 
MIA te tn a nt a. Fo 
AM80A eS Se See 8.5 oe is i pa -_ 
AM100A | ha ieee: 10.0 oo 010 | — a = 
AZ31B Eee 3.0 10 | 0.20 = im fon 
AZ51 ea 5.0 10 | 0.25 on on _ 
AZ61A Oh coh okay gruel 6.5 10 | 0.15 - an an 
AZ63A SEES: 6.0 30 | 015 | — i mp 
A7R04 | RRR 95 | 05 | 015 | — va me 
AZ81 SD ge Path 2m 7.6 0.7 013 | — —_ _ 
AZ916 RE 8.7 0.7 0.13 — — — 
AZ92A PE Pies ye, , call 9.0 2.0 | 0.15 - on jm 
EK30A NR toni tecsctrend -~ én ae 3.0 om 0.3 
EK41A RT Re _ — —_ 40 — 0.6 
ZK60A REAR eat det cts '- = 5.7 —_ — — | 0.55 
Z7K61 ic yea re én 6.0 a a o. | & 
HK31A TEA ns Ee —_ _ — — 3.0 0.7 
HM21XA Pa ion ae a | = 2.0 - 
EZ33A ZRE1 io 2's @ 5 0.7 
ZE41 ae on 4.0 on 1.2 on 0.7 
ZK51A aaa an 4.6 on om a 0.7 
ZH62 See den 5.0 mn am 18 = 
HZ32A ae _ 2.1 wh o~ 3.0 0.7 


























static strength. One set of fatigue 
test data indicates that the stress 
to produce failure at 10’ cycles is 
between 0.45 and 0.49 of ultimate 
strength for AZ31, AZ80 and 
ZK60 wrought alloys. 
Treatments that produce resid- 
ual surface compressive stresses 
may be used to improve the 
fatigue resistance of magnesium 
alloys. Shot peening should em- 
ploy round shot at least 3/16 in. 
in dia. Care must be taken to pre- 
vent formation of surface notches, 
e.g., by use of cut wire shot. 
Service experience indicates 
that magnesium alloys are more 
notch sensitive than low strength 
steels, and stress raisers must be 
avoided where cyclic loading is 








OF MAGNESIUM BASE-ALLOYS AT ROOM AND ELEVATED TEMPERATURES 
















































































ES 
— 300 F 400 F 500 F 600 F 
Ten Yid Ten Yid Ten Yid Ten Yid 
Str, Str, Elong, Str, Str, Elong, Str, Str, Elong, | Str, Str, Elong, 
ksi ksi vA ksi ksi % ksi ksi % ksi ksi % 
21.0 10.0 16 14.0 8.0 22 9.5 5s | © | — | — | = 
24.0 9.0 4 17.0 6.5 25 12.0 40 | 45 8.5 25 | 60 
27.0 14.2 15 17.5 12.0 19 12.0 8.8 15 73 «| ~=«60 20 
27.0 14.0 40 17.0 12.0 40 _ _ — —- | — — 
28.0 18.0 35 16.9 10.9 36 11.3 7.4 33 78 | #51 | 49 
21.0 14.0 Q 20.0 12.0 13 18.0 11.0 3 | 120 | 80 | 70 
23.0 16.0 8 22.0 14.0 12 20.0 20 | 19 | 20 | 90 | $8 
22.0 14.0 10 21.0 11.0 20 130 | 100 | 31 | 120 | 80 | 50 
23.0 | 170 14 17.0 13.0 17 120 | 90 | 16 8.0 6.0 16 
24.6 17.7 21 18.1 | 15.1 22 “ -~ - ~ sie ‘i “ 
a me pan 23.9 | 128 16 21 | M6 | 20 191 | 108 21 
i - _ 19.3 | 130 30 14 | 7 | 38 | #127 | 95 38 
26.0 20.0 24 19.0 | 15.0 | 28 140 | 100 S | - | «= = 
ne a me 21.7 16 | 19 20.1 11.6 23 | i174 | 98 | 24 
31.0 20.7 30 22.0 15.0 49 14.0 8.0 83 9.0 5.0 123 
19.9 12.0 31 17.2 91 | 34 | 101 5.9 87 60 | 38 | 140 
247 | 145 | 38 | 170 9.5 65 15.0 55 55 10.0 —~ | 9 
304 | 20.2 40 | 214 14.7 42 12.9 8.2 64 7.9 5) | 70 
33.6 | 21.4 4) 21.6 14.7 49 13.6 7.8 83 8.7 47 123 
213.9 | = 15.7 18 188 | 117 2 | 13.0 75 60 9.0 5.4 93 
— | 240 — | 150 | 120 | 84 6.0 40 | 17 -— - - | mm 
28.0 | 270 2 | 250 | 20 | 31 22.0 210 | 24 17.0 16.0 22 
22.0 13.0 5. Ss«d3«0 8.0 82 8.0 5.0 92 60 | 20 | 136 
25.0 21.2 16 16.0 10.0 42 10.0 4.0 86 5.0 30 | 14 
25.0 16.0 19 230 | 150 | 19 20.0 14.0 21 18.0 120 | 22 
= oe 30 | 170 | 30 16.0 15.0 5 | wo | wo | — 
TABLE 4—SOME CREEP PROPERTIES OF CAST MAGNESIUM ALLOYS 
, Stress to Produce Indicated Extension in 1000 Hr, ksi 
. Temperature, F > 200 | 300 400 500 600 
3 ~~ =| ' i 
; Extension, %> | 0.1 | 0.5 | 10/01 | 05 10 | 01 | 05 | 10 | 4 | 05 | 10 0.1 | 05 | 1.0 
| | | | | | 
NN kes sede ges 24h hea 3.5 | 10.1 | 123 L6 | 42 Ss OS ee oe eee ee py oe 
EER Reema 1 42 1105 |142 ] 15) 48 ' 64) — |/08)13 1] — | — ae Tee BR oe 
CE 0, Se GE ey aa —-}|—-/;—-];—-|-—| — |] 44] 67 | 23 115 | 23 25 | 07 | 10 | 11 
3 Sa cn wedge! mwfbefe|—|— | — |) Meine le} eli] ei ie 
. Ns iias 4: cenienanndsncaynseaee —~|/—]—]- | — | — | 43 | 83 | 92] 16 | 26 | 31 | 07 | 14 | 12 
| RRR PR Cee 6 3.5 |12.0 |14.0 | 21 | 7 ae ae Se see ee oe }—-|-|- 
a ey —}/—|]—|—|— | — | 54 |140 |158 | 31 | 68 | 76] 09 | 14 | 16 
a, ERT ee eecene ere —|—|—] —|— | — | 48 | 98 |104 | 35 | 65 | 69 | 19 | 29 | 32 


expected. Design recommendations 
usually call for generous radii and 
fillets, careful joining and avoid- 
| ance of surface imperfections. 
These requirements are probably 








no more severe than for other 
materials, although magnesium 
alloys are probably used more fre- 
quently very near the design 
stress level. 





Physical properties 

Some of the physical properties 
of magnesium are given in Table 
6. Although the melting point of 
pure magnesium is 1200 F, com- 
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TABLE 5—SOME CREEP PROPERTIES OF WROUGHT MAGNESIUM ALLOYS 


TABLE 6—PHYSICAL PROPERTIES 
OF MAGNESIUM 





























Stress to Produce Indicated Extension in 100 Hr, ksi Density, Ib/cu in 0.626 

Temp, F > 200 300 400 | 500 | 600 aaeh ee or tear henectestees 025 

- ee —|— ware — —|—— ‘Ther Cond (68 F), Btu/hr/sq ft/ft/°F . . .41-90" 

Ext > 0.1 0.5 1.0 0.1 0.5 1.0 0.5 0.5 0.5 Coef of Ther Exp (100 F), per F 14 x 10-6 

oe ae Specific Heat (68 F), Btu/Ib/°F............0.25 

M1A H24 cossoeee OO [ILS [140 | 1.1 | 30 | 40 - - Magnetic Permeability, cgs .1.000012 

AZ61A F.. , eee 3.8 | 7.4 | 144 [2 | dz Modulus of Elasticity, psi. ... 6.5 x 108 

WNGEA H2A. see coe | - — 19.0 —| = Modulus of Rigidity, psi...............2.4x 108 

ere _ — |140 | 82 | 22 Poisson’s Ratio. .........ccecccececceeee O35 
HM21XA T8. - : — (13.5 -| 90 | 6.0 

aDepends on alloy and degree of cold work. 


mon alloying additions can lower 
the melting point to 830 F, a fac- 
tor that may require considera- 
tion in hot working operations. 

Probably the outstanding phys- 
ical property of magnesium is its 
light weight. If magnesium alloys 
are assigned an arbitrary value of 
1.0, aluminum alloys have a rela- 
tive weight of 1.6, zinc alloys 3.9, 
cast iron 4.0, steels 4.4, brass 4.7, 


and both bronze and nickel 4.9. 
Strength-density ratios 

A comparison of the strength 
of magnesium alloys on a volume 
basis with other structural mate- 
rials would not lead to its selec- 
tion as an engineering material. 
For many applications, however, 
weight of a structure of equiva- 
lent resistance to applied load is 
the most important criterion. 


On a_ strength-weight basis, 
high strength magnesium alloys 
are generally superior, at room 
temperature, to all other common 
structural materials except very 
high strength aluminum alloys. 
The newer thorium-bearing alloys 
have no peer among common 
structural materials at tempera- 
tures between 300 and 600 F, al- 
though recently developed precipi- 


| 
| 
| 
1. 





Magnesium Today 


Traditionally magnesium has been a war material. Its 
first applications were for incendiary purposes, and the 
development of structural applications of magnesium was 
slow. World War II gave a tremendous push to this 
development, but applications were almost entirely for 
military purposes. It appears, however, that structural 
magnesium has come of age at last, as shown by the 
following figures on shipments of magnesium alloys for 
structural purposes: 


Nonmilitary 
Military (Consumer goods, 
(Aircraft and Missiles) Tools, Vehicles, etc.) 
1954 10,100 tons 7,850 tons 
1955 11,500 tons 12,700 tons 


Nonmilitary applications now exceed military applica- 
tions for the first time. Figures for 1956 are not available, 
but the trend established over recent years indicates that 
nonmilitary use should expand at increasing rates. 
Though nonstructural applications (sacrificial anodes, 
treatment of cast iron, alloying in other metals, etc.) 
have consumed metal at a rate that has increased some 
8 to 10% per year for the past five years, the proportion 
of total consumption represented by these applications 
has slowly declined, and in 1956 probably accounted for 
about 60%. 


Among the principal reasons for increased consumption 
of structural alloys in nondefense uses are the techno- 
logical advances made since World War II. These include 
development of hot chamber die casting processes, 
improved finishing systems (including electrochemical 
coatings and electroplating), impact extrusion techniques, 
and large scale production of rolled plate and sheet. 
Other reasons for increased use of magnesium, however, 


are better recognition of the metal’s inherent advantages 
and increased experience with its production and fabri- 
cation. Light weight has promoted increasing use in 
portable power tools such as saws and hoists, appliances, 
and electric motors. Light weight and rigidity have made 
magnesium alloys particularly applicable to dock boards 
and tooling plates and fixtures. Excellent appearance and 
resistance to atmospheric corrosion have led to its use 
in high quality lightweight tools, luggage, ladders and 
a host of similar products. 

Development of new alloys has led to increased interest 
in the use of magnesium in aircraft at temperatures in 
the range of 300 to 600 F, where certain magnesium 
alloys have strength and stiffness for a given weight 
generally superior to those of other materials. Probably 
missiles and similar military matériel will demand 
increasing application of magnesium alloys, because 
weight savings result in tremendous improvements in 
performance characteristics of such devices. 

Perhaps the most definite mark of the maturity of 
magnesium technology is the interest displayed by users 
in solving their own technical problems. Until recent 
years fabricators have relied almost entirely on Dow 
Chemical Co. for the solution of production and fabri- 
cation problems. Now the inherent advantages of mag- 
nesium are well enough recognized that others, including 
various Government agencies, spend considerable effort 
in process and material development. Brooks & Perkins, 
a leading fabricator for several years, has pioneered in 
many developments and recently announced a joint 
venture with Dominion Magnesium Ltd. of Canada that 
will provide a new source of primary magnesium. The 
resulting technological and business competition should 
provide further stimulus to the development of magne- 
sium and its alloys for structural application. 
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Recommended for... 
Alcohol (butyl) 

Alkali metal hydrides 
Ammonium hydroxide 
Arsenates 

Asphaltum 

Acetylene 

Benzene 

Bichromates (most) 
Borax solutions 

Cyanides (most) 

Carbon dioxide 

Carbon monoxide 

Carbon bisulfide 

Carbon tetrachloride 
Chloroform Phenol 
Chromates (most) 
Chromic acid 
Diethylene glycol 


Lanolin 


Oxygen 


Rubber 


Source: Brooks and Perkins, Inc. 


Linseed oil 
Oils (chloride-free) 


Permanganates (most) 
Phosphates (most) 


Approximate Corrosion Resistance of Bare Magnesium 


Sodium carbonate 
Sodium silicate 


Alcohol (methyl) 


listed) 
Acetone 
Beer 
Chlorine 
Carbonated waters 
Hydrofluoric acid 
(<5% 


Alcohol (ethyl) 
Aniline 
Dry cleaning fluids 





Acids (not otherwise 


Recommended for (cont’d) ... 
Ethylene glycol Sulfur 
Ethyl acetate 

Fluorine 

Fluorides (most) 
Gasoline (lead-free) 
Gas (illuminating) 
Grease (acid-free) 
Hydrofluoric acid (>5%) 
Ink (dye) 


Kerosene 


Tar 
Turpentine 
Water (distilled) 


Not recommended for... 


Hydrogen peroxide 

Ink (iron) 

Mercury 

Milk 

Metal salts (not other- 
wise listed) 

Nitrates 

Water (sea, tap) 


Service trial warranted for... 


Formaldehyde 
Gasoline (leaded) 
Phosphoric acid 





tation hardening steels and tita- 
nium alloys are measurably su- 
perior on a strength-weight basis 
over all ranges of temperature. 

For many structural applica- 
tions rigidity is of paramount im- 
portance. The modulus-density 
ratio of all common structura! 
metals is almost a constant. The 
low modulus of magnesium is 
offset by its low density, and in 
many configurations the permis- 
sible increase in section size pro- 
vides improved rigidity because 
of its geometry. Therefore, when 
stiffness or resistance to buckling 
is a design criterion, magnesium 
sections of equivalent resistance 
are often lighter. 


Engineering Forms 


Magnesium is fabricated by 
virtually all methods used on 
other metals excepting wire draw- 
ing. However, in choosing a 
method of fabrication, the in- 
herent characteristics of the metal 
must be considered. The configur- 
ation of a part previously made 
in another metal should be modi- 
fied to provide optimum draft, 
tapers, etc.; such changes can 
often make a difficult or impos- 





sible part into a feasible produc- 
tion item. 
Castings 

Probably the earliest form of 
magnesium alloys for structural 
applications was sand castings. 
Many of the alloys have excellent 
castability, and sections as thin 
as 1/10 in. are feasible. Excellent 
dimensional tolerances can _ be 
held; it appears that magnesium 
castings can be held to closer tol- 





Eclipse-Pioneer Div., Bendix Aviation Corp. 
Closer tolerances can be held on magnesium castings than on many other 
metals in both green and dry sand molds. 


erances in both green and dry 
sand than many other metals. 

Magnesium alloys have been 
cast in permanent molds for years, 
and use of permanent mold cast- 
ings is expanding rapidly. More 
recently, equipment has been de- 
veloped for hot chamber die cast- 
ing, and this process promises to 
open a whole new area for mag- 
nesium. 

Selection of a casting method 
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Magnesium castings are used for... 











Aluminum Co. of America 
Sewing machine parts. Complex 


parts for featherweight model are 


Dow Chemical Co. 
Vacuum sweeper covers. These parts are made by the hot chamber die 
casting process. 


er nn 





made by sand casting. 





Eclipse-Pioneer Div., 
Gun turret parts. This sand cast gimbal frame casting 


is being deburred. 


Bendix Aviation Corp. 


rocker cover. 


Aluminum Wo. of America 


Airplane engine parts like this rear exhaust valve 





for producing magnesium parts 
represents a compromise among 
configuration, property require- 
ments, surface finish, equipment 
costs, and the anticipated produc- 
tion quantity. Intricate, cored 
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parts can usually be made best by 
sand casting, at a minimum in- 
vestment in patterns and molding 
equipment. The increased cost of 
permanent mold equipment can 
often be justified for as few as 
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1000 parts in magnesium; proper- 
ties of permanent mold castings 
are essentially equivalent to those 
obtainable in sand castings. Die 
castings offer advantages over 
sand and permanent mold castings 














of improved dimensional control 
and surface finish, but longer pro- 
duction runs are required to 
justify the additional investment 
in equipment. 

Generally speaking, control of 
molding sand compositions must 
be more meticulous for magne- 
sium than for other’ metals, 
whereas the maintenance of steel 
permanent molds and dies is much 
simpler than for other metals. 
This often makes it economical to 
produce magnesium permanent 
mold or die castings on shorter 
runs than would be the case in 
aluminum, for example. The 
thinner sections obtainable by die 
casting often permit important 
savings in weight as well. 

Nominal tolerance on dimen- 
sions of magnesium sand castings 
is 1/32 in., but some castings can- 
not be held to this limit economic- 
ally. Some foundries have been 
able to approach +0.010 in. per 
inch of casting length, with wall 
thickness held to +0.010 in., but 
the additional expense of holding 
such tolerances on _ production 
items is seldom justifiable. In 
these respects magnesium is no 
different from other metals, al- 
though the lower pouring tem- 
perature often means easier con- 
trol. 

The unhindered solid _ state 
shrinkage of magnesium alloys is 
about 11/64 in. per ft. Shrinkage 
as low as \% in. per ft is some- 
times observed in large castings 
or where cores offer restraint. 
Pattern adjustments should be 
made to compensate for these 
differences. 

Casting design should avoid 
configurations leading to _ local 
stress concentrations, particularly 
in regions subject to high stress 
or cyclic loading. Radii and fillets 
should be generous, changes in 
section size should be as gradual 
as possible, and notches and sharp 
corners should be avoided. Neces- 
sary markings, whether cast-in or 
stamped, should be on 1/16 to 
3/32-in. raised pads located in 
regions that are not highly 
stressed in service. 

Because of the rapid solidifica- 
tion in die castings, their mechan- 


ical properties are generally su- 
perior to those obtained by other 
casting methods. Additional im- 
provement in strength results 
from the thin sections obtainable. 
Minimum section thicknesses be- 
low 0.050 in. are possible, with 
tolerances as low as +0.003 in. In 
spite of their improved strength, 
die castings have been used most 
frequently in moderately or light- 
ly stressed applications where ex- 
cellent dimensional control and 
surface finish were desired. 
Forgings 

The forging of magnesium is a 
well developed art, and large forg- 
ings are practical. Most wrought 
alloys can be forged but the ap- 
plications are usually confined to 
the higher strength magnesium 
alloys containing aluminum or 
aluminum and zinc. Recently, work 
has also been done on the alloys 
containing zirconium and zinc. 

Hydraulic presses are preferred 
for forging magnesium because of 
their lower speeds, better control 
and greater flexibility. The M1 
and AZ31B alloys can be hammer 
forged, and a 1200-lb steam ham- 
mer is roughly equivalent to a 
500-ton hydraulic press. However, 
the stronger alloys are forged 
more successfully at the slower 
speeds obtained in presses. 

Hot working die steels of the 
medium carbon, tungsten-chro- 
mium-vanadium types are recom- 
mended because the dies operate 
at 500 to 900 F. Press forging 
dies show little wear, but surface 
cracking may limit life to from 
2000 to 20,000 operations. Dies 
should be heat treated to 300 to 
400 Brinell hardness. 

Forging stock is available as 
cast ingot or extruded billet, the 
latter offering better grain size 
control, finer structure and more 
uniform properties because of the 
preliminary working it has re- 
ceived. 

Forging requires lubrication. 
The best lubricant is colloidal 
graphite applied to the hot dies as 
a suspension in a not-too-volatile 
carrier. The lubricant must be 
completely removed from the fin- 
ished forging, because graphite 
and magnesium can form an elec- 


trocouple in an electrolyte (such 
as that resulting from condensa- 
tion on the surface of cold forg- 
ings, for example), causing gal- 
vanic corrosion of the magnesium. 

Forging stock is preheated to 
650 to 750 F. Extruded billet re- 
quires only time enough to reach 
temperature. Cast ingot stock may 
require additional time at tem- 
perature, particularly in the case 
of the stronger alloys. In cases 
where hot shortness is indicated 
by surface cracking, heating for 
periods up to 6 hr at 750 F may 
improve forging characteristics. 

Forging dies should have gen- 
erous radii on reentrant angles 
to avoid cold shuts. Such defects 
cannot be expected to weld in 
magnesium as they may in steel, 
because the oxide film, even 
though much thinner, is much 
more refractory. When several 
forging steps are required with 
intermediate reheating, the tem- 
perature of each should be at 
least 50 °F lower than the preced- 
ing one and the reductions should 
be designed to provide a minimum 
of 20% reduction in the last oper- 
ation. These precautions are 
necessary to avoid abnormal grain 
growth and resultant poor proper- 
ties. 

Extrusions 

Most magnesium alloys show 
good extrudability and, generally 
speaking, strengths of the alloys 
at extrusion temperatures are low 
enough to permit very high reduc- 
tions. Solid sections, tubing, and 
sections ribbed both inside and 
out are practical. Recent develop- 
ments have permitted the extru- 
sion of circular or other forms 
that can be cut longitudinally and 
straightened into complex shapes 
with rather large transverse di- 
mensions. Such techniques permit 
the production of integrally stif- 
fened flat structural members for 
use as stressed skins. 

Extrusions and tubing can be 
bent by conventional methods. The 
softer alloys may be bent cold to 
large radii, but bending at ele- 
vated temperatures is required 
for severe bends on soft alloys and 
for the stronger alloys. Dies, 
methods of heating dies and 
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Dow Chemical Co. 


Deep drawn parts can be produced at moderately elevated temperatures. 


blanks, selection of temperatures, 
and lubricants are generally simi- 
lar to those used in other methods. 
Formed shapes 

Those familiar with forming 
low carbon steel or low strength 
aluminum might consider magne- 
sium alloys extremely difficult to 
form, and it is true that cold 
forming of magnesium must be 
confined to relatively small defor- 
mations. Nevertheless, when mag- 
nesium’s excellent formability at 


TABLE 7—-TIME-TEMPERATURE 
LIMITATIONS IN FORMING 











Max | Max 
Alloy VW Temp, F | Time, hr 
SHEET | 
ee 550 l 
2 325 l 
os os a nos 600 1 
EXTRUSIONS 
SS 5 cies gaa 550 l 
0! | l 
ee 700 l 
ss ss uno 550 Y, 
AGUONTS.........5. ma.) 4 
Ss coke ved 550 Y, 
ZK60A-T5........... 400 | Y, 





aPreliminary data. 
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relatively low temperatures is 
recognized and explcited, forming 
operations are often much simpler 
than for other metals. Tempera- 
tures required for hot forming 
are low enough to permit ordinary 
steel or cast iron tools to be op- 
erated at the necessary stress 
levels and temperatures indefi- 
nitely. It is often possible to per- 
form in a single operation at 500 
F, for example, a severe deep draw 
that would require several steps, 
with intermediate anneals, in 
other materials. 

The limited cold formability of 
magnesium is a result of its hex- 
agonal crystal structure and the 
limited available slip systems. 
Experimental alloys containing 
more than about 11% lithium 
have a cubic crystal structure and 
are as formable as low strength 
copper or aluminum alloys. How- 
ever, these lithium alloys have 
relatively low strength unless they 
contain substantial additions of 
other elements, and these modi- 
fied alloys over-age to low strength 
levels at relatively low tempera- 


tures. Nevertheless, there is 
growing interest in their possible 
short time applications in rockets 
or missiles. 

Whereas at room temperature 
the magnesium hexagonal crystal 
can deform by slip only on the 
basal plane, at 400 F other crystal 
planes become active in slip, im- 
proving formability markedly. In 
addition, the strength of magne- 
slum decreases with temperature, 
reducing the required equipment 
and tool capacities. Higher tem- 
peratures also reduce springback. 

Though forming at elevated 
temperatures minimizes or elimi- 
nates the need for intermediate 
or final stress relief heat treat- 
ments, care must be exercised to 
avoid serious reduction of mechan- 
ical properties. Unlike most met- 
als, magnesium sheet that has 
been strain or precipitation hard- 
ened can be formed at elevated 
temperatures, but prolonged ex- 
posure at these temperatures re- 
sults ina deterioration of strength. 
By limiting the time of exposure, 
reduction in properties can be 
avoided. As shown in Table 7, the 
time-temperature limitations are 
not particularly restrictive. Tech- 
niques for heating and forming 
within these limitations have been 
worked out and offer no serious 


problems. 
Proper production techniques 
in hot forming magnesium as 


many fabricators have found, 
offer real advantages, including: 
1) deeper single draws, 2) re- 
duced tooling costs through one- 
stage operation and use of low 
cost mild steel or cast iron dies, 
3) reduced springback, 4) less 
wrinkling, and 5) adjustment of 
dimensions by changes in tem- 
perature. 

Most formable of the alloys is 
M1, followed by AZ31A and the 
higher strength alloys. M1 and 
AZ31A in the O or F condition 
will undergo a limited amount of 
forming at room temperature, but 
elevated temperatures are re- 
quired for more severe forming. 
Formability at a given elevated 
temperature depends on the tem- 
per or degree of strain hardening 





















































Truck foading ramps. 


Dow Chemical Co. 


Magnesium’s 


Magnesium extrusions are used for... 


oh. 


light weight 


increases the portability of these ramps. 





of the sheet. Maximum formabil- 
ity will usually be found in the 
O or fully annealed condition. 

Press forming — Most press 
forming techniques can be adapted 
for magnesium. Some _ general 
rules to follow are: 

1. Form hot, maintaining uni- 
form die temperatures. 







vuw Cnemical Uo, 
Complex hollow parts. Impact extrusion is used to 
produce no-draft parts of various contours. 


2. Use relatively low speeds, de- 
creasing speed for the more diffi- 
cult operations. 

3. Use annealed stock for the 
more severe forming operations, 
particularly cold forming. 


4. Allow generous bend and 
corner radii. 
5. Lubricate carefully with 


oi 


Whitelight Magnesium Div., White Metal Rolling & Stamping Co. 
Parts of intricate cross section. 





stable and highly effective lubri- 
cants. 

Hydraulic presses are preferred 
for deep draws because they pro- 
vide better control of speeds. Me- 
chanical presses offer the advant- 
age of greater production rates 
and can often be used when depth 
of draw is not great and when 


ow Uounuens Lo. 
Landing mats. These landing mat sections are typical 
of the large integrally stiffened extrusions now produced 
from magnesium. 
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more generous radii are permis- 
sible. Press capacity in tons can 
be approximated by the formula: 


Max pressure — Se 
: _ ~ 2000 
where C = approx circumference of 


part, in. 

t = thickness, in. 

f = tensile strength of alloy 
at forming temperature, 


psi 

In designing dies for forming 
magnesium, allowance must be 
made for the difference in thermal 
expansion between magnesium 
and the die materials. For ex- 
ample, in the range from room 
temperature to 600 F magnesium 
expands about 0.2% more than 
aluminum and 0.4% more than 
steel. Thus, dies for magnesium 
must be made oversize to achieve 
desired room temperature dimen- 
sions. Of course, uniform die tem- 
peratures are mandatory for close 
dimensional control. 

Lubrication during drawing is 
necessary. For cold forming, most 
of the usual drawing compounds 
are adequate. For the usual hot 
drawing operations, the only sat- 
isfactory lubricant currently avail- 
able is colloidal graphite. 

Rubber pad forming—Trapped 
rubber forming has been applied 
to a limited extent to magnesium 
and offers the usual advantages of 
lower die costs. The limited cold 
formability of magnesium alloys 
has restricted this operation to 
relatively simple parts; however, 
the technique has been used at 
temperatures up to 550 or 600 F. 
Good results have been achieved 
with specially compounded rub- 
bers (Durometer hardness about 
40) in 1l-in. layers cemented to- 
gether to make pads up to 6 in. 
thick. Solid rubber blocks having 
60-70 Durometer hardness work 
well for hot forming. Some fab- 
ricators, however, consider rubber 
life too short for many hot form- 
ing operations, and the choice of 
method must represent a compro- 
mise between die cost, number of 
parts to be made, and life of the 
rubber pad. 

Selection of materials for, and 
design of, form blocks require a 
similar compromise. Wood, plas- 


126 * MATERIALS IN DESIGN 





tics, plaster or various metals 
are used depending on strength 
requirements and forming tem- 
peratures. Magnesium blocks have 
proved excellent up to 450 F. 

Rubber pad pressures of about 
900 psi suffice for most operations. 
Selection of temperature requires 
a compromise between forming 
difficulty and the mechanical prop- 
erties desired in the part. 

Bending—Cylindrical parts are 
readily formed in ordinary bend- 
ing rolls. Magnesium alloys are 
also bent in both leaf and press 
type brakes, but the press type is 
preferred because the leaf type 
concentrates deformation at the 
clamping edge and_ promotes 
cracking. Also, dies are more 
easily heated in the press type. 

Polished metal dies should al- 
ways be used in bending. Press 
brake dies are usually heated with 
electric resistance strip heaters 
and preferably are insulated from 
the press to prevent heat loss. 
When heavier gage sheet and 
plate are bent, dies can be cold, 
but usually both dies and blank 
are heated. 

Drop hammer forming — Al- 
though forming rates are quite 
high, drop hammer forming can 
be used on magnesium alloys in 
parts with shallow draws. The 
method is recommended only for 
AZ31-0, although hard rolled sheet 
can be formed into simple shapes 
that require a maximum com- 
pression of 5% and a maximum 
stretch of 10%. 

Dies used for aluminum form- 
ing are suitable for magnesium. 
Kirksite has been used for pro- 
duction runs of 500 parts at tem- 
peratures up to 450 F. For longer 
runs cast iron dies can be used. 
Methods of heating dies, sheets 
and parts, and methods of lubri- 
cation are similar to those used 
with other forming methods. 

Spinning—Magnesium sheet can 
be spun cold or hot, the selection 
of temperature being subject to 
the same limits as for other 
methods. The technique is similar 
to that used on other metals, al- 
though the rate of deformation 
should ordinarily be somewhat 
lower. 
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Stretch forming—Stretch form- 
ing has been recently applied to 
magnesium with the advantages 
found for other metals: even dis- 
tribution of residual _ stresses, 
more uniform properties in the 
formed part, and more uniform 
section thickness. The method has 
been applied with equal advantage 
to sheet and extrusions. A limited 
amount of forming at room tem- 
perature is possible, but elevated 
temperatures are generally used. 

Hand forming—Hand forming 
is often employed where small 
numbers of parts are required. 
Soft-jawed vises, wooden or metal 
forms, and soft hammers are 
used. Metal blocks or forms can 
be heated in several ways, and 
blanks can be heated in ovens or 
by torch. Temperature must be 
controlled carefully by contact 
pyrometers or temperature indi- 
cating pencils or lacquers. Al- 
though the need for elevated tem- 
peratures makes the _ technique 
somewhat more difficult than room 
temperature hand forming, an 
experienced operator can make 
quite difficult parts by this 
method. 

Impact extrusions 

Experience in this field has 
been quite limited to date, and the 
commercial availability of such 
extrusions has not been clearly 
defined. However, magnesium and 
many magnesium alioys can be 
impact extruded at reasonably 
high production rates into such 
parts as thick-bottomed cans, odd- 
shape cans with one end closed, 
and other symmetrical shapes that 
do not lend themselves readily to 
other methods of fabrication. 

Hollow parts with various sym- 
metrical section shapes and vary- 
ing bottom thickness can be made 
at high production rates by im- 
pact extrusion. Length-to-diam- 
eter ratios may be as high as 15 
to 1, with 8 to 1 considered typical. 
With careful alignment of press 
and tools, wall thickness toler- 
ances can be maintained at +5 to 
10% of the thickness dimension 
in the range between 0.02 and 
0.1-in. wall thickness. 

Like other methods of forming 
magnesium, impact extrusion is 





















performed hot, but production 
rates of 100 parts per min are 
possible. Automatic feeding me- 
chanisms that also preheat the 
slugs are favored for high pro- 
duction operations. 

Punches are hardened tool steel. 
Dies of steel or carbide have ex- 
pected lives of 200,000 and 10,- 
000,000 parts respectively. Punches 
and dies are maintained at tem- 
peratures between 350 and 700 F, 
depending on the magnesium alloy 
and the desired part configuration. 
Heat supplied by the preheated 
magnesium slugs is usually suffi- 
cient to maintain die tempera- 
tures, but in some slower, hand 
feed operations additional heat 
may be necessary. 

Press capacity requirements de- 
pend on amount of reduction, 
alloy, temperature, part configur- 
ation and, to some degree, speed. 
A simple 1-in. cylinder with 
0.020-in. wall requires about 
24,000 psi in pure magnesium 
and about 42,000 psi in AZ80A at 
500 F. At a reduction in area of 
85%, pressure requirements de- 
crease about 3000 psi per 100° F 
temperature increase for AZ80A, 
and about 6000 psi per 100° F for 
AZ31B or M1. 


Processing 
Characteristics 


Machining 

Magnesium is_ probably the 
easiest of all metals to machine. 
Relatively low resistance to cut- 
ting is accompanied by a natural 
free-machining quality that per- 
mits surface speeds and metal 
removal rates as high as can be 
obtained on mcdern machine tools. 

The heavier depths of cut and 
higher rates of feed permissible 
with magnesium require that tools 
be designed with maximum chip 
clearance. Lower tool loads and 
work of cutting, compared with 
other metals, permits greater re- 
lief angles and chip clearance. 
Only by designing tools specific- 
ally for magnesium can the fullest 





How to Avoid Magnesium Fires 


As the engineering use of 
magnesium has grown, the spec- 
tre of fire in shops melting and 
fabricating the metal has gradu- 
ally assumed more realistic pro- 
portions. It is true that finely 
divided magnesium will ignite 
and sustain combustion, and that 
magnesium fires cannot be con- 
trolled or stopped by common 
techniques. Nevertheless, when 
simple rules are observed, mag- 
nesium offers no special fire 
hazards. 
ignition point 

Magnesium will ignite only at 
temperatures very near the 
melting point, 1200 F. Very 
finely divided magnesium pow- 
der can ignite at air tempera- 
tures as low as 900 F, probably 
because some particles oxidize 
fast enough to raise the tem- 
perature locally. Some alloys 
may ignite at temperatures as 
low as 800 F, but this tempera- 
ture is several hundred degrees 
above the ignition point of wood. 
It is extremely unlikely that any 
accidental generation of heat, 
excepting a large general fire, 
could ignite massive magnesium, 
such as ingot or heavy extru- 
sions, because the rate at which 
heat is conducted and dissipated 
by magnesium is so high that 
only massive heat sources can 
raise the temperature to the 
ignition point. Even magnesium 
sheet is difficult to ignite and 
requires a concentrated source 
such as an oxyacetylene torch 
applied to an edge. When ig- 
nited, the sheet usually burns 
quietly and progressively and 
may extinguish itself. ; 
Ponder a problem 

Nevertheless accumulations of 
fine powder or chips can be dan- 
gerous. A match flame is hot 
enough to ignite such materials 
under ideal conditions, and the 
fire can be self-sustaining. Ma- 
chining operations should be ad- 
justed to generate the thickest 
chip consistent with the desired 
finish. Chips should not be per- 
mitted to accumulate, should be 
stored in covered containers, and 
should be kept dry to prevent 


the accumulation of hydrogen 
resulting from reaction between 
water and finely divided magne- 
sium, 

Collect dust 

Grinding operations should be 
done wet and the dust collected 
in a good tight system. The sys- 
tem must be adequately vented 
to prevent the accumulation of 
hydrogen resulting from the 
magnesium-water reaction. 

Operations that may generate 
incidental fine powders should 
be policed to prevent accumula- 
tion of fines that would propa- 
gate a fire once ignited. Machin- 
ing operations, even though they 
are well controlled, may gener- 
ate some amount of airborne 
fines. Over a period of months 
or years this dust may accumu- 
late to a dangerous degree if 
not recovered periodically. 

Safe practices for processing, 
handling, and storing magne- 
sium and of disposing of scrap 
are detailed in NFPA No. 48, 
Standards for Magnesium, ap- 
proved and published by the 
National Fire Protection Assn. 
The Magnesium Assn. has con- 
densed the recommendations into 
a shop card for ready reference. 
Stopping a fire 

Once a fire is started, only a 
few alternatives are available. 
Burning magnesium will react 
exothermically with almost all 
chemicals used for extinguishing 
fires, including water and carbon 
dioxide. The only method of con- 
trolling magnesium fires is by 
excluding air, i.e., smothering 
the fire with a material that will 
not accelerate the oxidation of 
the burning magnesium. Large 
amounts of sand, preferably dry, 
will work. Foundry fluxes will 
control fires, but they must be 
kept dry. The most effective 
composition is a mixture of 
powdered graphite with some 
heavy hydrocarbons, prepared 
and sold as “G-1” powder. It is 
effective on all metal fires and 
should be available near foundry 
and machine shop operations 
where the possibility of fire 
exists. 
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Magnesium forgings are used for... 


Aircraft landing wheels. Most of the wrought alloy compositions can be forged. 


Landing gear brake carriers. 


All photos courtesy Wyman-Gordon Co. 


advantage be taken of magne- 
sium’s excellent machinability. 
Nevertheless the requirements 
are not stringent. Tool life is out- 
standing, although sharp tools are 
mandatory. Unparalleled surface 
finish is possible without undue 
care, and power requirements are 
lowest of any metal. Because 
magnesium alloys are easily 
scratched or nicked by steel tools, 


Mortar base plates. These plates, 
forged from 58S magnesium alloy, 


weigh 105 lb and have an area of 


707 sq in. 


and because they are quite sus- 
ceptible to failure resulting from 
stress concentrations induced by 
surface flaws, particular care 
should be exercised to avoid such 
damage. 
Heat treatment 

The heat treatment of magne- 
sium alloys is similar to that of 
aluminum alloys. It consists essen- 
tially of a solution heat treatment 
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Aircraft wing parts. This external 
storage wing adapter is produced 
from AZ80X magnesium alloy. 


near the solidus temperature of 
the alloy, normally in the range 
750 to 1050 F but depending upon 
the composition. Magnesium al- 
loys usually do not require rapid 
quenching after solution treat- 
ment, an advantage in avoiding 
residual stress created by quench- 
ing operations. Solution treat- 
ment may be as long as 24 hr for 
castings and as short as 2 hr for 











wrought products. Aging tem- 
peratures vary between about 350 
and 500 F, depending upon the 
composition. Aging times are 
usually considerably longer than 
they 
may vary between 24 and 48 hr in 


those used for aluminum; 
many magnesium alloys. 

Maximum heat treatment re- 
sponse is afforded by zinc addi- 
Aluminum 
additions offer little aging or heat 
treatment response. Some of the 
newer alloys containing thorium 
and zirconium show considerable 
heat treatment response, but this 
is usually a result of the presence 
of zinc. 


tions over about 2%. 


Joining 

Most metal joining methods 
have been adapted for use with 
magnesium. Mechanical fasteners 
such as rivets or bolts have been 
used longest. Welding, particu- 
larly shielded arc and resistance 
welding, is of growing import- 
ance. Adhesive bonding has par- 
ticular advantages that will prob- 
ably assure its use to an increas- 
ing degree. 

Fastening—Rivets and bolts can 
be used to join magnesium to 
other metals, whereas welding 
cannot. Riveted joints can be 
made with excellent and predict- 
able joint efficiency, using simple 
procedures and semiskilled labor. 

Magnesium is commonly joined 
with aluminum rivets. Aluminum 
alloys 5056, 6053 and 6061 provide 
joint strengths in the ranges de- 
sired for magnesium alloys, and 
the electropotential between mag- 
nesium and these aluminum alloys 
is not excessive. Recommended 
edge distance is a minimum of 
2.5 times the rivet diameter (cen- 
ter of the hole), and rivet spacing 
a minimum of 3 times the diam- 
eter. 

Magnesium sheet up to 0.050 in. 
thick can be dimpled usually hot 
for flush riveting. Heavier gages 
may be countersunk, but the 
countersink must not approach 
closer to the opposite surface of 
the sheet than 0.015 in. 

Welding—All forms of welding 
have been used on magnesium. 
Gas welding, however, is used 
only for repair work because the 


necessary fluxes can create a cor- 
rosion problem if not completely 
removed. 

The inert-gas-shielded are weld- 
ing process is applied to magne- 
sium with excellent results. Butt 
and fillet joints are most adapt- 
able to this process, and joint 
efficiencies of more than 90% of 
annealed parent 
metal are common. The method is 


the strength of 


applicable to sheet as thin as 
0.040 in., and there appears to be 
no practical upper limit on thick- 
ness. 

Many production and assembly 
operations use the tungsten elec- 
trode with or without filler wire. 
The consumable electrode method 
is particularly suited to automatic 
welding operations and provides 
excellent weld strength, particu- 
larly in heavy sections. 


Spot welding is the most com- 
mon form of resistance welding 
applied to magnesium. High qual- 
ity welds can be assured by proper 
cleaning of the surfaces and by 
close control of the welding cycle 
Because of their relatively poor 
fatigue resistance, spot welds are 
seldom used in stressed assem- 
blies. 

Adhesive Adhesive- 


bonded joints provide excellent re- 


bonding 


sistance to fatigue, can be used 
with very thin sheet, and need no 
special insulator between dissimi- 
lar metals. Adhesive bonding can 
provide smoother surfaces than 
other joining methods, as well as 
important cost savings. The tech- 
nique is applicable only to lap 
joints where the only significant 
loads are shear loads. Joining is 
accomplished by heat and applied 


Sheet and extrusions can be built into various structures by inert-gas- 
shielded are welding. 






































Dow Chemical Co. 


































































pressure, and joints must be de- 
signed with this in mind. The 
temperature required for curing, 
however, is not high enough to 
affect the properties of the base 
metal and joint efficiencies of 
100% are possible if the bonding 
area is sufficiently large. 

Effective bonding requires not 





only uniform application of the 
adhesive but meticulous preclean- 
ing of the metal surfaces. Low 
strength joints can be made after 
priming or anodizinz,. Maximum 
strength, however, is obtained on 
bare metal after alkaline cleaning 
and mechanical polishing. <A 
number of adhesives known to 


Finishes and Finishing 


Uncoated magnesium alloys have 
shown resistance to deterioration 
in ordinary urban or rural atmos- 
pheres superior to that of many 
common structural metals. The 
light gray film that develops in 
normal inland atmospheres is not 
generally objectionable on indus- 
trial equipment such as_ truck 
bodies or foundry flasks. How- 
ever, a more attractive surface 
may be desired for sales appeal 
and customer satisfaction, and 
conversion coatings, paint systems 
or electroplates can be used. 

Surface preparation of magne- 
sium is necessary before metal 
forming operations and_ before 
various finishing operations. 
Mechanical cleaning 

Many metals scale freely during 
heating for forging, and a clean 
surface is obtained by removing 
this scale mechanically during or 
prior to the forming steps. (In 
some metals surface defects will 
be welded and healed in the form- 
ing operation but in magnesium 
such defects do not heal and dirt 
is often worked into the surface. ) 

Mechanical surface treatments 
include machining, sand or grit 
blasting, and wire brushing. Ma- 
chining operations can be done 
dry and no subsequent treatments 
are required. Sand or grit blast- 
ing should be followed by pickling 
to remove enough metal (about 
0.002 in.) to assure the removal 
of sand or grit imbedded in the 
surface. 

Chemical cleaning 

Acid pickling is required to re- 
move previously applied chemical 
treatments, oxide tarnish when 
mechanical treatments are not 
used, and surface contamination 
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meet Air Force specifications, in- 
cluding 1) phenol-formaldehyde 
plus polyvinyl formal, 2) phenolic 
rubber-base resin and 3) a phe- 
nolic synthetic rubber plus a 
thermosetting plastic, can provide 
shear strengths over 2000 psi 


under certain conditions. 





These methods of finishing 
magnesium provide’ surfaces 
with excellent appearance and 
resistance to corrosive environ- 
ments. Normally, however, mag- 
nesium is fastened to other met- 
als. Since magnesium is highest 
of all structural metals in the 
corrosion potential series, ade- 
quate service life can be assured 
only if proper assembly proce- 
dures are used. 

Electrical contact between 
magnesium and other metals 
should be eliminated by suitable 
insulation, and designs should 
not permit the accumulation of 
moisture either from weather or 
condensation. Insulating materi- 
als must remain nonconductive 
under service conditions, and 
therefore must not be porous or 
deteriorate with time. It is de- 
sirable to join magnesium with 
metals not too dissimilar in cor- 





Beware of Electrolytic Couples 


rosion potential. Stee] should be 
cadmium or zinc plated, and 
may advantageously be sepa- 
rated from the magnesium with 
aluminum to minimize any pos- 
sible electropotentials. Protective 
finishes must cover the less ac- 
tive metal as well as the mag- 
nesium, because penetration of 
the coatings on the magnesium 
could result in catastrophic cor- 
rosion if a large cathode area 
were available in the form of 
uncoated steel. 

In spite of the great deal of 
concern observed in the applica- 
tion of magnesium, many uses 
require no_ special protection 
whatsoever. Portable power tools 
and appliances combine magne- 
sium, aluminum, steel and cop- 
per with no special precautions. 
Service experience has been ex- 
cellent because no electrolyte is 
normally present. 








that might impair corrosion re- 
sistance. 

When appropriate, acid pickling 
can be preceded by solvent clean- 
ing to remove heavy oil and grease 
deposits, and alkaline cleaning to 
remove grease or previously ap- 
plied lubricants or chemical coat- 
ings. Conventional chlorinated 
solvents, petroleum spirits, naph- 
tha and lacquer thinners work 
well as solvent cleaners. Alkaline 
cleaners may be heavy-duty types, 
as used on steel, and are usually 
operated at about 200 F for 3 to 
10-min immersion. Removal of 
imbedded graphite lubricant is 
best effected by immersion (up to 
20 min) in a solution containing 
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13 oz per gal of sodium hydroxide. 
Solutions commonly used _ to 
pickle magnesium include: 


Chromic-nitrate, most common in- 
process pickle. 


24 oz/gal 
4 0z/gal 


Chromic acid 
Sodium nitrate 


Chromic - nitric - hydrofluoric for 
castings, particularly die castings. 


Chromic acid 37% oz/gal 


Conc nitric acid 


(70%) 3% fl oz/gal 
Hydrofluoric acid 
(60%) 1 fl oz/gal 


Chromic acid to remove old chem- 
ical coatings without dimensional 
change, 








Sheet and plate of magnesium are used for... 


and electronics industries. 





Truck body walls. Heavy gage magnesium sheet is used 


for these walls of monocoque design. 


Chromic acid (CrO;) 24 02z/gal 


Chromic-sulfuric to clean for spot 
welding. 
Chromic acid 
Conc sulfuric acid 


24 oz/gal 
0.06 oz/gal 


Sulfuric acid, 
Conc sulfuric acid 4 fl oz/gal 


Acetic-nitrate to prepare surface 
for protective finishes. 
Glacial acetic acid 25% floz/gal 
Sodium nitrate 6% oz/gal 


1 KU 
: poe pi 


oa 


Dow Chemical Co. 
Tooling plates. Among the latest applications for mag- 
nesium, these plates are used in the aircraft, automotive 


Dow Chemical Co. 


Chance-Vought 
AZ31-B sheet. 


Mechanical finishes 

Parts can be finished by a num- 
ber of mechanical finishing proc- 
esses. Polishing and buffing pro- 
duce bright surfaces that can be 
protected with clear baked lac- 
quers. Mechanical tumbling and 
burnishing; grinding; and debur- 
ring, polishing and coloring can 
be done with procedures that are 
modifications of those used on 
other metals. 


Brooks & Perkins, Ince. 


Earth satellite skins. Skin being hot spun from mag- 
nesium will be machined to a thickness of 0.028 in. 


Dow Chemical Co. 


Airplane skins. More than 25% of the skin of the 
Crusader igs composed of magnesium 


Conversion coatings 

Conversion coatings are _ pro- 
duced by a chemical reaction be- 
tween the magnesium surface and 
a coating bath, sometimes modi- 
fied by the use of electric current. 
Such coatings are used to provide 
better paint adherence, improved 
resistance to corrosive environ- 
ments, and improved resistance to 
abrasion. Many such coatings 
have been developed by Dow 
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Chemical Co. and are often known treated chemically. Commonly more finish coats. The primer 
by the Dow number; two elec- used treatments, in order of in- should be chosen for adherence, 
| trochemical treatments, HAE and creasing effectiveness, are chrome preferably to bare metal as well 
| Cr-22, have been developed by pickle, dichromate, galvanic ano- as to the chemical coatings. “Wash 

Frankford Arsenal. (See Table 8). dize, sealed chrome pickle, ano- primers” effect adhesion by etch- 

Organic coatings dize, HAE and Cr-22. Paint sys- ing the metal surface, but must be 
For maximum adherence and tems consist of one or more coats used with caution because exces- 
) protection, paint systems should of primer, pigmented with tita- sive reaction may blister the 
) | be applied only to magnesium sur- nium dioxide or zinc chromate for paint system. Generally speaking, 
i| faces that have been properly improved protection, and one or primers developed for and used 

TABLE 8—CHEMICAL TREATMENTS FOR MAGNESIUM 
Treatment 
Dow Treatment 
No. Name Type May Be Used on... Appearance Uses Remarks 
l | Chrome | Chemical All alloys Matte gray to General purpose treatment applied | Simple dip treatment, usually the 
| Pickle | yellow red | to practically all forms of magne- | cheapest to apply. Etching action 
| sium for protection during ship- | causes slight dimensional loss 
| | ment and storage. Good paint base 
4 | Chrome- | Chemical | Die cast AZ91 Brown-black Used only as a black decorative | Offers some improvement in adhe- 
| Alum | finish for die castings sion of paint 
7 | Dichro- Chemical | All aluminum-containing | Brown Provides best combination of paint- | Does not materially affect dimen- 
| mate alloys, EK33 and ZK60. | base and protective qualities sions. Requires ¥% hr or more in 
| Cannot be used on MI, boiling solution 
EK30 or EK41A 
8 Alkaline Chemical | All aluminum-containing | Brown-black Used for black finish on all forms. | Has protective and paint-base quali- 
| Dichro- alloys, EZ33 and ZK60. More protective on die castings | ties. Requires boiling in solution 
mate Cannot be used on Ml, | than No. 4 Y hr or more 
EK30 or EZ33 | 
9 Galvanic | Electro- | All alloys Black | Used on M1 in place of No. 7 or 8 | Requires galvanic couple between 
Anodize | chemical | and on any other nonaluminum- | work and steel tank or steel cathode 
| containing alloys not treatable in | plates if tank is ceramic-lined 
| | No. 7 or 8 
10 Sealed | Chemical | All alloys | Similar to No.1 | Alternate for No. 7 when dimen- | Better protection than No. 1 due to 
| Chrome | | | sional loss can be tolerated boiling 30 min in dichromate solu- 
| Pickle tion 
12 Caustic Electro- | All alloys | Light shades of | Specialty treatment combining | Can be dyed. Neutralizing seal 
Anodize chemical gray and tan | decorative finish with abrasion re- | gives it paint-base qualities equal 
| | | sistance and protective value | to No. 7 treatment 
14 A-C Electro- | All alloys | Light gray to | Good abrasion resistance. Can be | Will cover flow marks in die cast 
Anodic chemical white | painted when given a neutralizing | surface. Should be waxed to pre- 
| seal. Cannot be dyed | vent smudging 
| 15 Bright Chemical | AZ31, AZ61, ZK60A, AZ80 | Silvery | Decorative finish used only on | Good “shelf life’ appearance. Di- 
Finish for and Ml | wrought magnesium mensions slightly affected by 
Wrought treatment 
Products 
16 Bright Chemical | AZ92, AZ63, AZ91, EK30, | Silvery Decorative finish used only on | Appearance similar to No. 15, good 
Finish for EK41 and EZ33 magnesium castings “shelf life’ appearance. Slight ef- 
Castings fect on dimensions 
17 Anodize Electro- | All alloys Light to dark Protective and decorative finish Most abrasion resistant, best paint- 
chemical green base and most consistently applied 
of all Dow chemical treatments for 
magnesium 
18 Phosphate | Chemical | All alloys Medium to dark | Protective touch-up treatment Less critical touch-up than No. 1. 
Touch Up gray Good paint base 
_— HAE Electro- All alloys Light tan to Protective and decorative finish Excellent abrasion resistance in 
chemical brown heavier thicknesses, excellent cor- 
rosion protection when properly 
sealed 
— Cr-22 Electro- All alloys Light green to | Protective and decorative finish Excellent corrosion resistance, espe- 
chemical | black cially when sealed, high hardness 
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Alloy nomenclature of magnesium-base alloys, which is 
based on chemical composition, is determined by the fol- 
lowing rules in ASTM B 275-53T: 

Alloy Nomenclature 

1. Designations for alloys consist of not more than two 
letters representing the alloying elements* specified in 
the greatest amount, arranged in order of decreasing 
percentages, or in alphabetical order if of equal percent- 
ages, followed by the respective percentages rounded off 
to whole numbers and a serial letter”*. The full name 
of the base metal precedes the designation, but it is 
omitted for brevity when the base metal being referred 
to is obvious. 


® For codification an alloying element is defined as an element (other 
than the base metal) having a minimum content greater than zero, 
either directly specified or computed in accordance with the percent- 
ages specified for other elements. The amount present is the mean of 
the range (or the minimum percentage if only that is specified) 
before rounding off. 

> The serial letter is arbitrarily assigned in alphabetical sequence 
starting with A (omitting I and O) and serves to differentiate other- 
wise identical designations. A serial letter is necessary to complete 
each designation. 

¢ The designation of a casting alloy in ingot form is derived from the 
composition specified for the corresponding alloy in the form of cast- 
ings. Thus a casting ingot designation may consist of an alloy desig- 
nation having one or more serial letters, one for each product 
composition; or it may consist of one or more alloy designations. 


2. The letters used to represent alloying elements 
should be those listed in the table below: 


A—Aluminum G—Magnesium P—Lead 
B—Bismuth H—Thorium Q—Silver 
C—Copper K—Zirconium R—Chromium 











D—Cadmuim L—Beryllium S—Silicon 

E—Rare Earths M—Manganese T—Tin 

F—Iron N—Nickel Y—Antimony 
Z—Zince 


3. In rounding off percentages, the procedure described 
in Recommended Practices for Designating Significant 
Places in Specified Limiting Values (ASTM E 29) should 
be used. 

4. When a range is specified for the alloying element, 
the rounded off mean should be used in the designation. 

5. When only a minimum percentage is specified for the 
alloying element, the rounded off minimum percentage 
should be used in the designation. 

Temper designation 

The temper designation is separated from the alloy by 
a dash and is determined by the following set of rules 
from ASTM B 296-54T: 


Alloy Nomenclature and Temper Designation 


1. The designations for temper are based on the se- 
quence of basic treatments used to produce the temper. 

2. The temper designation, which is used for all metal 
forms except ingot, follows the alloy designation and is 
separated therefrom by a dash. 

3. Basic temper designations consist of letters. Subdivi- 
sions of the basic tempers, where required, are indicated 
by one or more digits following the letter. These digits 
designate a specific sequence of basic treatments, but 
only those operations which are recognized as significantly 
influencing the characteristics of the product are indi- 
cated. Should some other variation of the same sequence 
of basic operations be applied to the same alloy, resulting 
in different characteristics, then additional digits are 
added to the designation. 

4. The temper designations and the subdivisions are 
fully defined and explained below: 


F—As Fabricated—This designation applies to products 
which acquire some temper qualities in the shaping proc- 
esses but are not subsequently thermally treated or 
intentionally strain hardened. 


O—Annealed Recrystallized (wrought products only)— 
This designation applies to the softest temper of wrought 
alloy products. 

H—Strain Hardened—This designation applies to those 
products which have their strength increased by strain 
hardening with or without supplementary thermal treat- 
ments to produce partial softening. The —H is always 
followed by two or more digits. The first digit indicates 
the specific combination of basic operations, and the fol- 
lowing digit or digits the final degree of strain hardening. 


Subdivisions of the H temper 





Hi—Strain Hardened Only—The number following this 
designation indicates the degree of strain hardening. 


H2—Strain Hardened, Then Partial Annealed—The num- 
ber following this designation indicates the degree of 
strain hardening remaining after the product has been 
partial annealed. For alloys that age-soften at room tem- 
perature the —H2 tempers have approximately the same 
tensile strength as the corresponding —H3 tempers and 
slightly higher elongations. For other alloys the —H2 
tempers have approximately the same tensile strength 
as the corresponding —H1 tempers and slightly higher 
elongations. 
H3—Strain Hardened, Then Stabilized—The number fol- 
lowing this designation indicates the degree of strain 
hardening remaining after the product has been strain 
continued 


successfully on other metals are 
not suitable for magnesium. On 
the other hand, primers developed 
for magnesium do adhere well to 
steel or aluminum. 

Finish coats should be chosen 
for compatibility with the primer, 
and for ability to provide the 
necessary level of protection. 
Baked enamels provide rapid fin- 
ishing, excellent adhesion, maxi- 
impermeability and good 


good results. 


other metals. 


mum 






serviceability. They may be ap- 
plied to some chemically treated 
surfaces without a primer with 
Novelty finishes, 
such as wrinkle, mother of pearl 
and hammered metal, can be ap- 
plied to magnesium much as to 


Clear finishes can be applied 
over buffed bare metal or chemical 
coatings, preserving the bright 
appearance of the surface. Only 


a few lacquers that are protective 
have good adhesion; vinyls and 
modified vinyls work well and 
their performance can generally 
be improved by baking. 
Rubbers, both hard and soft, 
can be bonded to magnesium 
either by direct vulcanizing or by 
the use of special adhesives. Many 
rubber producers have developed 
techniques for bonding to produce 
such items as solid rubber-tired 
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continued 


hardened a specific amount and then stabilized. This 
designation applies only to those alloys which, unless 
stabilized, age-soften at room temperature. 


Subdivisions of the H1, H2, and H3 tempers 





The number following these designations indicates the 
final degree of strain hardening. The numeral 8 desig- 
nates the temper normally regarded and arbitrarily 
selected as “full hard.” Material having a tensile stregnth 
about midway between that of fully annealed material 
(—O0 temper) and that of the 8 temper is indicated by 
the numeral 4, The numeral 2 designates material having 
a tensile strength about midway between that of -0 
temper and 4 temper, and 6 temper material is midway 
in strength between 4 temper and 8 temper. Although 
8 temper is considered the “full hard” temper, a slightly 
harder temper, designated by the numeral 9, is produced 
for special applications. 

W—Solution Heat Treated—This is an unstable temper, 
It is applicable only to those alloys-which spontaneously 
age at room temperature after solution heat treatment. 
This designation is specific only when the period of 
natural aging is indicated. 

T—Treated to Produce Stable Tempers Other Than F, O 
or H. Applies to products thermally treated to produce 
stable tempers with or without supplementary strain 
hardening. If strain hardening supplements the thermal 
treatment, it is considered in the temper designation 
only where it is recognized as materially influencing the 
characteristics of the product. The —-T is always followed 
by one or more digits. The numerals 2 through 10 indi- 
cate types of treatment, each numeral designating a 
specific sequence of basic operations. When required, the 
numerals 11 through 19 are available for designating 
other types of treatment. The details of the treatment 
will usually be different for each alloy to produce certain 
desired results. The treatment usually considered stand- 
ard is designated by —T followed by the numeral indicat- 
ing that type of treatment. Deliberate variations of the 
conditions, resulting in significantly different characteris- 
tics for the product, are indicated by adding one or more 
digits to the treatment designation. No attempt is made 
to have these indicate any specific set of conditions. It 
should be understood that a period of natural aging at 
room temperature may occur between or after the opera- 





tions listed. Control of this period is exercised when it 
is metallurgically important. 


Subdivisions of the T temper 





T2—Annealed (cast products only)—Applied to castings 
only to indicate a type of annealing operation used to 
improve ductility and increase dimensional stability. 
T3—Solution Heat Treated, Then Cold Worked—Applies 
to those products where cold work is performed for the 
primary purpose of improving the strength, and also 
applies to those products in which the effect of cold work 
(such as flattening or straightening) is recognized in 
applicable specifications. 

T4—Solution Heat Treated and Naturally Aged to a 
Substantially Stable Condition—Applies when the product 
is not cold worked after heat treatment, and also when 
applicable specifications do not recognize the effect of 
cold work in flattening and straightening operations. 
T5—Artificially Aged Only—Applies to products which 
are artificially aged without prior solution heat treat- 
ment. The artificial aging of these products may improve 
mechanical properties and/or dimensional stability. 
T6—Solution Heat Treated, Then Artificially Aged— 
Applies to products which are not cold worked after 
solution heat treatment, and in which the effect, if any, 
of flattening or straightening is not recognized in applica- 
ble specifications. 

T7—Solution Heat Treated, Then Stabilized—Applies to 
products in which the temperature and time conditions 
for stabilizing are such that the alloy is carried beyond 
the point of maximum hardness, providing control of 
growth and/or residual stress. 


T8—Solution Heat Treated, Cold Worked, Then Arti- 
ficially Aged—Applies when the cold working is done for 
the purpose of improving strength, and also when the 
cold working effect of flattening or straightening is 
recognized in applicable specifications. 

T9—Solution Heat Treated, Artificially Aged, Then Cold 
Worked—Applies when the cold working is done for the 
purpose of improving strength. 

T10—Artificially Aged, Then Cold Worked—Applies to 
products which are artificially aged without prior solu- 
tion heat treatment and then cold worked for the purpose 
of improving strength. 
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wheels, rubber-covered typewriter 
platens and rubber-coated control 
handles. 
Plating 

Methods for electroplating mag- 
nesium have been reduced to com- 
mercial practice over the past 
several years. Procedures differ 
from those used on other metals 
because the chemical reactivity of 
magnesium is too high for suc- 
cessful plating directly on the 
magnesium. A part must first be 
activated, after thorough cleaning, 


in a phosphoric acid-fluoride bath. 
The part is then immersed in a 
buffered solution of zine sulfate 
until the reaction precipitates a 
thin film of zine over the surface. 
A copper strike is applied over 
the zinc using a conventional cyan- 
ide bath. Conventional techniques 
for subsequently applying copper, 
nickel, cadmium, zinc, brass, sil- 
ver and chromium are modified 
for use on magnesium only in 
minor details, which reflect the 
need to avoid dissolving the thin 


copper or zinc, or attacking the 
base magnesium before the plate 
builds up. For this reason alka- 
line baths are used when possible, 
and pH kept as high as practi- 
cable in acid solutions. 
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50 NICKEL RECOMMENDED BASIS METAL] PRETREATMENT: 
° ELECTROPLATES a 
Application 
a Basis Metal Decorative | Industrial Sequence of Pretreatment Operations 
ot a att " 
n USES Aluminum.... | ¥ X Two general classes of pretreatment processes available: 
of Because of their good corrosion re- | 1) application of immersion deposits (such as zincate 
sistance and favorable whvaical end process); and 2) variations of anodizing (such as phos- 
h ; ; P y | phoric acid anodizing process) 
t- mechanical properties, nickel electro- a Degreasing + cathodic and anodic alkaline cleaning + 
m deposits are used in numerous and cold water rinse + muriatic acid dip + cold rinse 
diverse applications. Principal among Brass..... an X Degreasing + cathodic alkaline cleaning + pumice 
= the applications for nickel electro- scrub +- cold rinse + nitric acid dip 
, deposits are: 1) decorative and in- Cast iron. ee X X Degreasing + cathodic and anodic alkaline cleaning +- 
7, dustrial corrosion resistant coatings cold rinse + anodic sulfuric acid treatment 
™ in matte, semibright and bright fin- Copper............. X Degreasing + cathodic and anodic alkaline cleaning ++ 
; ‘ : 8 : cold rinse + sodium cyanide dip + cold rinse + cold 
ishes ; 2) coatings to build up worn | sulfuric acid dip + cold rinse 
: or mismachined parts; 3) electro- ORT 5 > ‘ae Degreasing + cathodic alkaline cleaning + pumice 
. formed parts; and 4) coatings for | | scrub + cold rinse + nitric acid dip + cold rinse 
d nonconductors. Copper Alloys........| | X Degreasing + cathodic alkaline cleaning +- pumice 
f | scrub + cold rinse + etch in cold solution of nitric- 
| sulfuric-hydrochloric acid + cold rinse + dip in sodium 
F | hydroxide and potassium persulfate solution + cold 
I O | rinse + short dip in 1% (by vol) sulfuric acid solution 
e BASIS METALS PLATED | | + cold rinse ; | 
S Aluminum and its alloys inconel............. | a i, Degreasing + cathodic and anodic alkaline cleaning -+ 
Beryllium copper | | cold rinse + treatment in acid nickel chloride solution 
1 thneee Pesigxkadevecstcnt.* om X Degreasing + cathodic and anodic alkaline cleaning + 
p : ° cold rinse + anodic sulfuric acid treatment +- cold rinse 
Cast iron Nickel (wrought). X Degreasing cathodic alkaline cleaning + pumice scrub 
| Copper and its alloys +- cold rinse anodic alkaline cleaning + cold rinse + 
‘ Inconel anodic alkaline cleaning + cold rinse + anodic sulfuric 
; Magnesium acid treatment 
Monel Nickel (electrolytic)...| X | xX Degreasing + cathodic and anodic alkaline cleaning + 
Nickel (wrought and electrolytic) | | cold rinse -+ treatment in low pH Watts type or all- 
Nickel-iron alloys . chloride nickel bath + cold rinse . 
: : , Nickel-lron Alloys X X Degreasing + cathodic and anodic alkaline cleaning + 
Nickel silver | | cold rinse + anodic sulfuric acid treatment 
Pewter Steels (carbon).......) X | Degreasing + cathodic and anodic alkaline cleaning + 
Lead-base alloys | cold rinse + hydrochloric acid dip + cold rinse 
Steel (carbon, nickel, tungsten and Steels (carbon)...... X Degreasing + cathodic alkaline cleaning + pumice 
stainless steels) scrub + cold rinse + anodic alkaline cleaning + cold 
Tin and tin-plate Steels (nickel) , : a + anodic — — me ape oT ¢" rinse 4 
. eels (nickel)...... egreasing + cathodic and anodic alkaline cleaning 
aacasthcanetiitanatel ah Kate cold rinse + anodic sulfuric acid treatment +- cold rinse 
Steels (stainless)... . a X Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + treatment in acid nickel chloride solution 
Steels (tungsten) .... x X Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + anodic sulfuric acid treatment + cold rinse 
+ treatment in acid nickel chloride solution (cathodic 
only) 
; Tin or Tinplate....... X X Degreasing + cathodic and anodic alkaline cleaning + 
cold rinse + cyanide copper plating + cold rinse + 
) O acid ammonium citrate solution treatment + cold rinse 
Mane bs seas avnb's » x Treatment in solvent degreaser or emulsion slush 
cleaner + soak cleaning + warm water rinse + anodic 
cleaning + cold water rinse + dip in 2% sulfuric acid 
solution + cold water rinse + copper plate + cold 
water rinse 














aBasis metal surface should be smooth and free of scale and tarnish. Rapid transfer of parts 
from last pretreatment operation to plating bath is recommended. 






€ For more information, Circle No. 466 
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EVER TRIED MACHINING A SPECIAL 1.D. SHAPE? 


—in stainless steel, with each part 22 inches long, 
the outside diameter a shade over 2 inches and with 
tolerances of +-.000” to —.010” across the flats? 


On jobs like this, there’s possible trouble ahead if 
you start with solid stock, or even round heavy wall 
tubing. Machining problems, surface finishing, 
scrap loss, special cutting oils or compounds— 
added to the original stock cost may make the final 
cost of the part prohibitive. 


There is one sure way of minimizing your produc- 
tion problems and costs involving hollow cylin- 
drical parts and products—DESIGN WITH B&W 
MECHANICAL TUBING. 


Before you start your next production run, call 
Mr. Tubes at your nearby B&W Tubular Products 


Division District Sales Office—let him match tubing 
steels, types, finishes, shapes and tolerances to your 
applications—he will show you how to keep final 
costs low. Or write for bulletins 361 and 340. The 
Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pa. 


TA-6086-M2 


Seamless and welded tubular products, seamless welded fittings and forged steel flanges—in carbon, alloy and stainless steels. 


For more information, turn to Reader Service card, circle No. 381 
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Nickel Electroplates (continued) 


Watts The Watts type bath is the most commonly used 
plating bath and is very flexible with respect to compo- 
sition, current density and temperature. The bath is 
used to obtain a decorative matte finish or a bright finish 
subsequent to polishing or buffing. It is also used to build 
up worn or mismachined parts that are subject to wear. 
Relatively thick deposits are used for electroforming and 
to prevent corrosion of steel pipe and other equipment 
used for the processing of chemicals, petroleum and foods. 
The baths are usually grouped into two classifications on 
the basis of operating pH: 


High pH Low pH 





Nickel sulfate, oz/gal 32 44 
Nickel chloride, oz/gal 6 6 
Boric acid, oz/gal 4 5 
pH 4.5-6.0 1.5-4.5 
Temperature, F 115-160 115-140 


Current density, amp/sq ft 20-100 25-100 


Advantages of the low pH bath (commonly known as 
the soft nickel bath or general purpose bath) over the 
high pH bath are: 1) higher current densities (resulting 
in increased output) can be used without causing deposit 
peeling or cracking; and 2) improved anode efficiency 
decreases nickel salt consumption. Disadvantages of the 
low pH bath are: 1) lower throwing power at low cur- 
rent densities; 2) tendency to pit at some points in the 
pH range; and 3) lower cathode efficiency. 


Chlioride-Sulfate This bath produces deposits with 
modified characteristics of the Watts type and all- 
chloride baths. 


COMMONLY USED PLATING BATHS 





Nickel sulfate, 0z/gal 26 pH 1.5 
Nickel chloride, oz/gal 23 Temperature, F 115 
Boric acid, oz/gal 5.3 Current density, 

amp/sq ft 25-100 


The increased chloride concentration produces a 
smoother, finer grained, easier buffed deposit with less 
tendency to pit than the Watts bath. The bath can also 
be operated at lower voltages and higher current densi- 
ties at greater cathode efficiency. Advantages claimed 
over the all-chloride bath are a more ductile deposit, 
easier pH control, simpler purification, and compatibility 
with available organic brighteners. 


Hard Nickel This bath is used primarily when a 
deposit is needed which is tougher and less liable to crack 
and peel than chromium and where the extreme hardness 
of chromium is not essential. Deposits possess high 
resistance to wear and corrosion and are adaptable to 
conventional machining practices. If a heavy deposit 
with an extremely hard surface is required, a dual layer 
of hard nickel followed by chromium can be used. 


Nickel sulfate, oz/gal 24 pH 5.6-5.9 
Ammonium chloride 3.3 Temperature, F 110-140 
Boric acid, oz/gal 4.0 Current density, 

amp/sq ft 25-50 


THICKNESS OF DEPOSITS 


Decorative applications: up to 0.5 mil 
Corrosive applications: 3 to 15 mils 
Applications to improve wear resistance: 0.002 to %4 in. 


PHYSICAL AND MECHANICAL PROPERTIES 


Density, tb/cuin............... Musee 0.322 Thermal Conductivity (32-212 F), Elongation in 2 in., % 
I rien ks ana nk 5 hale 8.9 SAN, .....s daSceen ck cones 470 : ... . «... . : Damen 30 
ee a cad 2640 Electrical Resistivity (68 F), microhm-cm..... 7.0 ORS, .i<k'. . ..« Vagpeen eens 10 
Specific Heat (32-212 F), Btu/Ib/°F........ 0.11 Modulus of Elasticity in Tension, psi... .30 x 10¢ Vickers Hardness 
Coefficient of Expansion Tensile Strength, psi eR 
8. | 7.5 x 10° Soft Gray Deposits................... 51,000 Bright Deposits........ a .... 475-525 
Hard Bright Deposits............140-160,000 


The help of Hanson-Van Winkle-Munning Co. and Harshaw Chemical Co. in preparing 


these data is gratefully acknowledged. 
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1. eliminate joining 


































Reynolds “ALL-AlR” * truck floorin 


Here's a new Reynolds extruded aluminum product that 
really saves .. . both in production and in use. Made of 
simple, strong interlocking extruded aluminum panels, 
this new “All-Air" reefer flooring gives truck operators 
the light weight and heavy duty service they want. It 
would be impossible to produce this efficient, cost- 
cutting flooring any other way, in any other metal. 


* TRADE MARK; U.S. PAT. PENDING 





The Finest Products 
Made with Aluminum 


1¢ witt 


REYNOLDS G22 ALUMINUM 







Cost-Cutting Aluminum Extrusions... 


For more information, turn to Reader Service card, circle No. 495 
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2. eliminate machining 











It’s quite likely that your plant is producing part of a 
product that could be improved—at a lower cost—by 
an aluminum extrusion. You can turn out the most 
complex shapes through low-cost, accurate extrusion 
dies—and you can often minimize or eliminate machin- 
ing, joining and finishing operations. 


For example, in No. 1 above, a single aluminum 
extrusion replaces several rolled structural shapes that 
have to be joined. In No. 2, extruded aluminum tub- 
ing does away with the need for machining ordinary 
tubing or rod. Or, in No. 3, a stiffer, lighter, stronger 
extruded aluminum shape does the work of a wood- 
supported metal angle. And, as in No. 4, an aluminum 
extrusion provides the required shape with added stiff- 
ness and without investment in expensive roller dies. 


Reynolds Design and Engineering Services will work 
with engineers and design consultants in improving 
and cutting the cost of your products with extrusions 
and other forms of aluminum. For their assistance or 
to obtain a complete aluminum literature and movie 
index, call the Reynolds office, listed under “‘Alumi- 
num’’ in your classified phone book. Or write 
Reynolds Metals Company, P.O. Box 1800-HM, 
Louisville 1, Kentucky. 
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is a radome for guided missiles. 


First commercial product made of Pyroceram ceramics 





acetylene torch. 


Pyroceram: A Strong New 


@A newly developed family of 
ceramic materials can be fabri- 
cated by any of the conventional 
glass forming techniques. Devel- 
oped by Corning Glass Works, 
Corning, N.Y., and called Pyro- 
ceram, the materials offer an in- 
teresting combination of high 


mechanical strength, light weight, 
high hardness, good dielectric 
properties, good resistance to 
chemical attack, and_ excellent 
thermal shock resistance (as indi- 
cated by thermal expansion coef- 
ficients ranging from slightly 
negative to 2.6 x 10-*). 





Pyroceram: What It Is 


Pyroceram is the trade name 
for a group of materials that are 
essentially crystallized glasses. 
Pyrocerams can be made from 
a variety of specialty glasses, 
permitting a wide range of 
physical, electrical and thermal 
properties. A glass batch con- 
taining one or more nucleating 
agents is melted, formed and 
cooled. After cooling, the materi- 


al is still a noncrystalline glass. 
Subsequent heat treating causes 
the nucleating agents to form 
submicroscopie crystallites, each 
crystallite acting as a center of 
crystal growth as the heat con- 
tinues. The end product, after 
heat treatment, is a fine-grained 
crystalline material, nonporous 
and harder than most ceramics 
and many metals. 
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Stressed ceramic rod is not affected by heat from 


Ceramic 


Properties 

Although more than 400 types 
of Pyroceram have been melted 
experimentally, only four have 
been melted in pilot runs. Known 
typical properties of two are 
shown in an accompanying table. 
Three types are opaque and the 
fourth is transparent. Pyrocerams 
suffer only slight losses of mechan- 
ical strength at temperatures up 
to 1300 F, though at about 1450 
F modulus of rupture falls off 
rather rapidly, as shown in the 
accompanying curve. No data are 
available on impact strength or 
ductility of the materials. 

Formability—Probably the most 
important advantage of the ma- 
terials is their formability by 
conventional glass forming tech- 
niques. Since the materials are 
glass (see box), they can be blown, 
pressed, drawn, rolled and centri- 
fugally cast. 

















According to the producer, a 
‘elatively high degree of dimen- 
sional accuracy can be obtained 
by investment casting even though 
some dimensional change takes 
nlace during heat treatment. Us- 
ually the dimensional change is on 
the order of slightly less than 2%, 
or even less with some composi- 
tions. It is recommended that ma- 
chining of Pyrocerams be carried 
out before heat treatment because 
of their high hardness. The ma- 
terial cannot be machined after 
the ceramic has been formed but 
can be finish ground with carbide 
and other abrasives. 


Strength — Pyroceram 8605 is 
the strongest of the four materi- 
als. It has a modulus of rupture 
(flexural strength) of 37,000 psi 
and is extremely resistant to abra- 
sion. In comparative diamond 
indentation tests Pyroceram 8605 
was harder than flint, granite or 
hardened high carbon steel (Rock- 
well C65), but not as hard as sap- 
phire. 

Electrical properties—The fam- 
ily of ceramic materials is said 
to have electrical properties com- 
parable to those of the best elec- 
trical ceramics. For instance, the 
dielectric loss factor of Pyroceram 
8605 at a frequency of 10” cycles 
per sec is 0.0022 at room tempera- 
ture and 0.013 at 930 F. According 
to the producer, dielectric loss 
factor of the ceramic is two-thirds 
that of dense alumina at the same 
frequency. 

Thermal properties — The low 
thermal expansion and high ten- 
sile strength of certain Pyroceram 
ceramic materials is said to make 
them extremely resistant to ther- 
mal shock. For instance, Pyro- 
ceram 8607 has a thermal shock 
resistance greater than that of 
dense alumina and equivalent to 
that of fused silica. Thermal con- 
ductivity values of Pyroceram 
8607 are said to be about three 
times higher than those of boro- 
Silicate glass. 


Chemical properties—According 
to the producer, long term chemi- 
cal resistance tests on Pyrocerams 
are not yet completed. However, 
preliminary tests show that the 
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ceramic materials are nearly as 
resistant to acid attack as borosil- 
icate glass and are more resistant 
to alkali attack than this glass. 
Possible applications 

William C. Decker, Corning 
Glass Works president, has listed 
these possible uses for Pyroceram 
ceramic materials: parts for su- 
personic aircraft, jet engine com- 
ponents, and piping for chemical 
and oil refining plants. He pre- 
dicts that Pyroceram materials 
“will be used in the kitchen some 


PROPERTIES OF PYROCERAMS 








8605 | 8606 
Type > (Opaque) | (Opaque) 

Modulus of Elasticity, | 

psi 19.8 x 106 | 17.8 x 106 
Modulus of Rupture, psi | 37 x 108 | 32 x 10 
Softening Temp, F 2462 2282 
Water Absorption, % 0.00 0.00 
Specific Gravity 2.62 2.60 
Specific Heat,Btu/Ib/ °F} 0.102 0.105 
Ther Cond 

Btu/hr/sq ft/ °F /ft 2.4 1.7 
Knop Hardness (50gm)} 1100 940 
Dielectric Constant 

1 MC 6.1 5.62 

10!° Cycles 6.1 5.53 
Dissipation Factor 

1 MC 0.0017 0.0024 

10°° Cycles 0.0002 0.0003 
Loss Factor 

1 MC 0.0102 0.0134 

10°° Cycles 0.0012 0.0016 
Volume Resistivity 

(500 F), ohm-cm 10.1 10.0 











day as a heat conducting, range 
top material.” 

According to the producer, the 
ceramic materials will probably 
cost little more than glass and less 
than stainless steel. 





Cermet Pin Controls Copper Flow 
in Continuous Casting Machine 


@ A metal-ceramic (cermet) pin 
has solved the problem of ccntrol- 
ling the flow of molten copper in 
a continuous casting operation. 
Called LT-1 and developed by 
Haynes Stellite Div., Union Car- 
bide Corp., the cermet is composed 
of 77 chromium and 23% alumi- 
num oxide. The material has 
good high temperature mechanical 
properties and high resistance to 
corrosion over a wide temperature 
range. Resistance is increased by 
the formation on the chromium of 
an oxide film which is tightly 
bonded and highly stable. There 
is also a bonding mechanism be- 
tween the chromium and alumi- 
num oxide that contributes to the 


© 


— Si/icon carbide tube 





Mo/ten copper /eve/ 


| 
_ L7-/ pin 


+ Ceramic 
insert 
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= Pouring spout 








+——Continuous 
casting die 




















Function of pin in casting machine 
is shown in this sketch. 
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ELECTRONICALLY 
DRIVEN POISE 


DIAL POINTER AXIS 





SERVO DRIVE — 


AMPLIFIER 


ZERO ADJUST POISE 


ZERO ADJUST DRIVE 


CHANGE OF 
RANGE SYSTEM 





New indicating unit makes older machines obsolete 





... it’s electrom&balanced 





At last, here is the weighing system you need for complete instrumentation, you no longer keep con- 
today’s more rigid testing. It’s more sensitive — and firming the “errors” that present, inadequate ma- 
offers quicker response — than any other system ever chines may be making. It gives you full flexibility 


built. Just a slight motion at the beam end (see rear 
view) provides sufficient signal to operate the servo 
motor ... and move the poise to establish force 
equilibrium. 


and precision in testing at elevated temperatures as 
well as at room temperature. The new Electro: 
Balanced Indicating Unit is available for both hydrau- 


lic and screw power testing machines — by Riehle. 
With Riehle’s new sensitivity and rapid response plus Mail coupon for Bulletin. 


For more information, turn to Reader Service card, circle No. 474 
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RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
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LT-1 cermet pin as installed in the end of the control tube. 


strength of the body at elevated 
temperatures. 


According to Haynes, the use of 
LT-1 culminates a “long search 
for a material that would with- 
stand the extremely severe ero- 
sion, temperature and _ thermal 
shock problems in this service.” 
Other materials were tried with 
unsatisfactory results. Some broke 
immediately; others lasted only a 
week or two. The LT-1 pin has 
been in service for six months. 

The LT-1 pin, technically known 
as a tapered valve, is 15 in. long 
and 1 in. in dia. When installed, 
about 4 in. of the tapered end of 
the pin extends out from a silicon 
carbide control tube. The taper 
starts 21% in. from the end of the 
pin and is %4 in. at the tip. The 
tapered pin seats in the silicon 
carbide in the bottom of the pour- 
ing furnace and is located just 
before the continuous casting die 
(see sketch). Its purpose is to 
regulate the flow of molten copper, 
much as a needle valve, in order to 
hold the level of the molten copper 
at a given point in the die. 

According to Haynes, LT-1 
combines four properties that 
make it ideal for this application: 

1. Corrosion resistance. The ma- 


terial is resistant to oxidation and 
wetting by metals and basic slags 
and can be used for continuous 
immersion in brass and bronze 
melts. Both constituents, chromi- 
um and alumina, resist oxidizing 
atmospheres over 2200 F. 

2.High temperature strength. 
Above about 2800 F the material 
begins to soften and turn plastic, 
but at lower temperatures it re- 
sists deformation. Repeated inter- 
mittent immersions at up to 3000 
F have been accomplished success- 
fully. 

3. Hardness and wear resistance. 
The Rockwell C32-42 value (see 
accompanying table) is more indi- 
cative of the crushing strength of 
LT-1 than of hardness. The indi- 
vidual particles are harder than 


PROPERTIES OF LT-1 








Density, Ib/cu in. 0.21 
Hardness, Rockwell C32-42 
Melting Point, F 3362 
Specific Heat, Btu/|b/ °F 0.16 
Coef of Ther Cond (500 F), 

Btu/in./sq ft/hr/ °F 348 


Coef of Ther Exp 


(32-1800 F) 4.7 x 10° 
Elec Res (rm temp), microhm-cm 87 
Modulus of Rupture, psi 

Room Temperature 45,000 

1500 F 43,000 

1800 F 27,000 

2100 F 21,000 

2400 F 9,000 
Compressive Strength 

(rm temp), psi 110,000 
Shear Strength 

(rm temp), psi 40,000 
Modulus of Elasticity 

(rm temp), psi 42 x 108 
Charpy Impact Strength, ft-lb 

Room Temperature 2.1 

1500 F 3.4 
» 1800 F 4.) 
Tensiie Strength, psi 38,000 
Poisson’s Ratio 0.22 
Modulus of Rigidity, psi 17 x 108 





the combined body and give good 
resistance to wear under sliding 
friction. 

4. Machinability. Tungsten car- 
bide-tipped tools can be used to 
machine LT-1 using feeds, speeds, 
etc., suitable for cobalt-base alloys. 
The material can also be ground 
and honed. Small brazed joints 
can be made, but larger joints 
depend on the geometry of the 
parts being brazed and their re- 
spective coefficients of thermal ex- 
pansion and strength. 

In addition to the above proper- 
ties, the LT-1 material offers the 
advantage of salvageability. In 
the event erosion does become 
significant, the pin can be re- 
ground or a new taper can be ma- 
chined. 


1% Boron Stainless Steel 
Used for Atomic Shielding 


@ A new wrought 1% boron stain- 
less steel, used in vital reactor 
shielding and control applications, 
is claimed to have thermal neutron 
absorption properties approxi- 
mately 15 times greater than those 







of regular stainless steel. 
Manufactured by Superior Steel 
Corp., Carnegie, Pa., the new stee] 
is available in plate, sheet, strip 
and bars; it is workable hot or 
cold; it is weldable, machinable 
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Perhaps you didn’t know that the 
world-famous alloy Nichrome is pro- 
duced not only in The United States, 
but also in 6 Driver-Harris plants in 
England, Ireland, France, Italy, 
Austria, Spain, and in Canada by The 
B. Greening Wire Company. Also, 
Nichrome is a registered trade-mark 
in 55 nations. 

At first, fifty-odd years ago, we man- 


ufactured electrical resistance alloys 
for furnace elements and domestic 





Manufacturing plants also in: 


heating appliances only. Today we 
produce 132 different high nickel 
alloys in many different forms and in 
hundreds of sizes, for almost every 
kind of domestic and industrial appli- 
cation—of which Nichrome is the 
most illustrious. 


Whenever you buy Nichrome, you 
are assured of the unsurpassed and 
unvarying quality which has made 
Nichrome the supreme world stand- 
ard for electrical-resistance and heat- 


Nichrome is made only by 


COMPANY 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


For more information, turn to Reader Service card, circle No. 362 
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resistant alloys. This uniformly high 
quality, which we jealously guard as 
our most priceless possession, results 
from the technical excellence, the pro- 
ductive skill, and the quality controls 
the Driver-Harris craftsmen have 
gained in over 50 years of experience 
—and which are maintained with 
equal rigor in all Driver-Harris plants 
here and abroad. The result is a con- 
tinuous benefit to the entire electrical, 
electronic,and heat-treating industries. 

*T.M. Reg. U. S. Pat, Off, 


Drwer-Harris HARRISON, NEW JERSEY 


ENGLAND @e CANADA e IRELAND @ FRANCE e ITALY @ AUSTRIA @ SPAIN 
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and corrosion resistant; and it 
may also be used for such things 
as storage racks, boxes, ete. 

Boron stainless steel is essen- 
tially a two-phase alloy composed 
of a complex boride phase in an 
austenitic chromium-nickel-iron 
matrix (see photos of microstruc- 
tures). Boron stainless appears 
to have approximately the same 
resistance to hot water as regular 
18-8 stainless steel. It has been 
tested in water at 550 F for ex- 
tended periods of time for use in 
the experimental boiling water 
reactor. On welded structures, 
post-annealing treatments are 
recommended to improve resist- 
ance to acid corrosion, 

Boron stainless steel is weldable 
to itself or other austenitic stain- 
less alloys by electric arc or sigma 


MECHANICAL PROPERTIES 
OF 1% BORON STEEL 


Thermal shield of boron staizless 
is similar to the one installed in 
the Argonne Experimental Boiling 
Water Reactor. 


welding. Sound welds are easily 
obtained in plate up to % in. 
thick. On heavier gages special 
techniques are necessary to pro- 
duce good welds. Lime-coated type 
308 welding rod is generally used 
for welding heavy sections. Cur- 
rently, welds on boron stainless 
are used for shielding or sealing 
purposes, since the inherent prop- 
erties of this material limit its use 
for welded structural members. 
To overcome this limitation, boron 
stainless steel clad with a standard 
austenitic stainless steel is being 
developed. 

Use of the new material is 
claimed to make possible impor- 
tant savings in weight and space 
in various atomic energy compon- 
ents. 

(more What’s New on p 148) 


TYPICAL COMPOSITION, “ 





Tensile Strength, 1000 psi 90 
Yield Strength (0.2% offset), 

1000 psi 50 
Elongation (in 2 in.), % 10-258 
Hardness, Rockwell B90 
Cold Bend® 

>0.375 In. Thk 180° 
<0.375 In. Thk 90° 
Density, Ib/cu in. 0.287 
Annealing Temperature, F 1800-1900 
Melting Range, F 2350-2450 
Thermal Conductivity, 
Btu/'sq ft/hr/°F/in, 100 





aDepends on thickness. 

bBoron stainless is inherently notch sensitive 
due to its structure; therefore removal of 
cracked or work hardened edges, use of 
generous fillets, and removal of scratches 
and other stress raisers are recommended 
for successful bending or forming. Boron 
stainless steel is generally furnished in the 
annealed condition. 





Carbon 0.08 
Manganese 0.79 
Silicon 0.63 
Chromium 18.24 
Nickel 10.95 
Boron 1.09 





Macrostructure of 1% 
boron stainless steel ingot 
(above) compared with 
boron-free stainless. In 
boron-free stainless, the 
crystals extend into the 
center of the ingot; in 1% 
boron stainless, the grains 
are centered and equiaxed. 







Microstructure — as-cast (above) 
and as-rolled. 
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Eliminates 5 Operations 


Shut down your paint shop when you 
switch to Enamelstrip. Cleaning, Pre- 
treating, Drying, Spraying or Dipping, 
and Cutting-to-size are all eliminated. 
‘Enamelstrip Pre-Coated Metal Coil goes 
into the assembly-line right from your 
receiving platform! 


Improves Quality 


Enamelstrip’s pre-coated finish permits 
stamping, piercing, forming, and deep and 
severe drawing without damage to the 
coating. Enamelstrip is the only pre- 
coated metal coil certified for quality and 
performance by the United States Testing 
Company. 

Supplied to Your Specifications 


Enamelstrip is available in the following 
organic coatings, coated one side, both 
sides, or bi-colored with a different color 
| on each side: alkyds, vinyls, epoxies, phe- 
nolics, oleoresinous and other types of 
enamels and lacquers. Base metals include 
cold rolled steel, tin mill black plate, elec- 
trolytic tin plate, electro galvanized steel, 
aluminum, brass, copper, and zinc. 
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-NAMELSTRIP 


PRE-COATED METAL COIL 


— ...- Ready for Fabrication! 














5 OPERATIONS! £& 








Vinyl Laminated to Metal 





PORTABLE 
TELEVISION SET 


One of the many products 
beautified and improved 
with Enamelstrip vinyl-to- 
metal laminates. Whether 
on steel or aluminum, 
Enamelstrip laminate can 
be formed, drawn, bent, 
pierced, and stamped. Of- 
fered in a large variety of 
colors, embossings, and 
colorprints in numerous 
color combinations. 
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Cuts Production Costs 


Enamelstrip cuts costs all along the line. It speeds production while reducing labor 
| man-hours. It eliminates waste from cutting and trimming. It reduces your inven- 
| tory and storage space requirements, and by dispensing with your paint shop and 
its costly and ardous operations, cuts your insurance expenses to a minimum. 





For more information, turn to Reader Service card, circle No. 423 
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Coated filler containing catalyst is 
placed in container around mold. 


Two-Part Resin System 
Contains Resin, Filler 


Liquid casting resins, such as 
epoxy resins, are usually supplied 
in two or more parts that are 
mixed together to form a cured 
part such as electrical insulation 
for motor windings and coils. 

Recently, Robert Herr and J. S. 
Casement, of Minnesota Mining 
and Mfg. Co., St. Paul, Minn., 
speaking before the Great Lakes 
district meeting of the AIEE in 
Des Moines, Ia., described a new 
approach to the use of liquid cast- 
ing resins for use as electrical in- 
sulation. The authors describe 
the new resin system as a two 
part system that consists of a 
resin and coated inert fillers. The 
inert fillers contain a catalyst for 
subsequent resin cure. 

According to the authors, the 
resin system is applicable to many 
classes of resin-hardener systems 
and to different methods of im- 
pregnating, molding and encapsu- 
lating. A typical use for the resin 
system is in the impregnation and 
encapsulation of motor windings. 
Advantages of system 

The new system is said to pro- 
vide extremely long pot life for 
the resin and to eliminate long 
mixing operations. The system is 
also said to permit complete and 
accurate mixing of all ingredients 


























FROM THE OUTSIDE 


... JUST ANOTHER 
LINDBERG PIT-TYPE 
CARBURIZING FURNACE 








BUT sa eat INSIDE 








CORRTHERM elements operate on 
extremely low voltage. No leakage 
through carbon saturation. Shock or 
short hazards eliminated. No com- 
plicated mountings required. An 
exclusive Lindberg development. 


Note how CORRTHERM elements 
serve as baffles to direct forced con- 
vection streams through the charge. 























No Retort! 


Because it needs no retort, this new Lindberg 
electric vertical pit-type furnace gives you these 
important advantages: 


e Lower initial cost, no retort to pay for. 

e No expensive retort replacement. 

e Downtime for retort replacement eliminated. 

e Increased production because it heats faster. 

e@ Exact atmosphere control maintains work quality. 


e Versatile, carbon-diffusing and requenching along 
with carburizing. Adaptable to variety of work. 


All this is made possible by Lindberg’s new 
CORRTHERM electric heating element. For 
lower initial cost, lower maintenance costs, faster 
production, better quality control, why not look 
into this furnace. It’s additional evidence that, if 
you’re concerned with the application of heat to 
industry, better talk it over with Lindberg. 


LINDBERG 


ENGINEERING COMPANY 


2451 West Hubbard Street, Chicago 12, Illinois 


Los Angeles Plant: 11937 S. Regenitview Ave., at Downey, Calif. 
Toronto Plant: EFCO-Lindberg, Ltd., 11 Front Street, East 





For more information, turn to Reader Service card, circle No. 512 
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le WORLD B€STOS 





nelp you 


in the design and production of 


VIBRATION 


DAMPERS 
or 


SNUBBERS 


MOLDED 
FRICTION 
PARTS 


SPECIAL 
CLUTCH 
FACINGS 


TRANSMISSION 
LININGS 


LA 


@ World Bestos offers you more than 30 years’ engineering and 
manufacturing experience in the producion of molded friction parts. 
Chances are our immense resources and facilities can supply you with 
molded parts and friction components—to meet your requirements— 
at a savings in both time and money. 








Send your blueprints (or samples) for prices and delivery information to WORLD 
BESTOS, Industrial Products Section, New Castle, Ind., Phone: 2360. 
Write for free illustrated folder. 


WORLD BESTOS 0 caste, mons 


DIVISION OF THE 


Firestone 


TIRE & RUBBER COMPANY 


Industrial and Automotive Brake Blocks and 
Linings * Transmission Linings Special Clutch 
Facings « Vibration Controls « Sheet Packing 
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without entrapment of air bubbles 
in the resin. 

According to the authors, the 
resin system permits inexpensive, 
inert filler contents of up to 82% 
filler by weight. This high filler 
content is said to result in very 
low shrinkage of the resin on cure 
and helps to reduce moisture ab- 
sorption, weight loss on heat ag- 
ing, and flammability. If weight 
or dissipation factor are more im- 
portant than economy, other types 
of filler, such as polystyrene beads, 
are recommended. 

Molding of resin 

In molding the resin and coated 
filler, a mold is used for only a few 
minutes in the production of each 
part. This short molding cycle is 
said to be especially important in 
large scale production of inexpen- 
sive electrical parts. For such 
parts, conventionally cured resins 
have often been ruled out because 
of high molding costs. 

Since the filler is impregnated 
with the resin by capillary action, 
vacuum impregnation is not re- 
quired. However, the authors cau- 
tion that since the resin is cata- 
lyzed primarily by contact with 
the coated filler, the filler must be 
thoroughly impregnated with the 
resin. According to the authors, 
merely passing the resin through 
the coated filler and further im- 
pregnating internal voids does not 
fully impregnate the filler. 


Porous Metal Sheet 
from Felted Fibers 


A new porous metal sheet ma- 
terial with potentially wide appli- 
cation in aeronautical and other 
fields has been developed by Ar- 
mour Research Foundation. The 
material is a continuous sintered 
sheet of felted metal fibers which 
can be varied over a wide range 
of porosities having high strength- 
to-porosity ratios. 

The new material is an out- 
growth of the Foundation’s work 















Do Your Castings Require Sharp Corners 


Like These? 





The Denser Structure of 


EATON 
PERMANENT MOLD 
GRAY IRON CASTINGS 


Permits the Machining of 
° .023” wide and .125” deep, leaving 9 lands .015” 
Precise Corners wide, be rapidly and simultaneously machined. Eaton 


Permanent Mold Iron proved to be the ideal ma- 
terial—completely eliminating the problem of curling 
The fine dispersion of graphite in Eaton Permanent chips in the small grooves, and crumbling of lands 


. during machinin 
Mold Iron and its dense, non-porous, homogeneous 8 5: 





The part shown above required that 10 graret, 


structure make it an ideal material for many difficult Check these 
machining operations where accurate dimensional re- 
sults and sharp corners are essential. 


Important Advantages: 


Dense, non-porous, homogeneous 
structure 


Freedom from inclusions 

Excellent tensile strength 

Ability to take a high surface finish 
Freedom from leakage under pressure 
Intricately cored sections 

Uniformity of castings 

Higher machining feeds and speeds 
Substantially increased tool life 


Because its superior structure permits the machining of 
extremely thin sections and has the ability to take a 
high surface finish, Eaton Permanent Mold Iron is 
recommended for such critical applications as bearing 
retainers, connecting rods, pulleys, carburetor bodies, 
valve bodies, and service valves. 


If you have applications which require these exceptional 
characteristics, our engineers will be happy to work 
with you, 


+ ++ ++ + +H FH 














Send for Illustrated Descriptive Literature 


| EATON 


a Engine Valves « Tappets « Hydraulic Valve Lifters » Valve Seat Inserts « Jet Engine Parts * Hydraulic Pumps 
Motor Truck Axles « Permanent Mold Gray Iron Castings « Forgings « Heater-Defroster Units « Automotive Air Conditioning 
Fastening Devices « Cold Drawn Steel « Stampings » Gears « Leaf and Coil Springs » Dynamatic Drives, Brakes, Dynamometers 





FOUNDRY DIVISION 


MANUFACTURING COMPANY 
VASSAR, MICHIGAN 








For more information, turn to Reader Service card, circle No. 412 
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GIVES TOP PERFORMANCE IN WATER 
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ACUSHNET PROCESS COMPANY 


NEW BEDFORD, MASSACHUSETTS 
vee Precision Molded RUBBER, SILICONES -"‘APCOTITE’’ BONDING 


Address all communications to 750 Belleville Ave., New Bedford, Mass. 
For more information, turn to Reader Service card, circle No. 450 
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with “fiber metallurgy” (see 
MATERIALS & METHODS, Nov ’55, 
p 96). Degree of porosity, con- 
trolled by diameter and length 
of fibers, ranges from 94% down 
to less than 1%. A brazing ma- 
terial having a lower melting tem- 
perature can be added to improve 
strength and ductility. After sin- 
tering, the sheet can be pressed 
for desired density. 

Developed by Cord H. Sump, 
supervisor of powder metallurgy 
at Armour Research Foundation, 
and William Pollack, associate 
metallurgist, the new material is 
expected to be used in high tem- 
perature filters for aircraft en- 
gines, as a honeycomb structure 
to fill tail and rudder sections, as 
a porous material for transpira- 
tion cooling systems, and for air- 
craft boundary layer control. 

Other applications appear to be 
possible in ceramics and plastics, 
using the metal fibers as reinforc- 
ing agents. “Where they have 
been used in place of glass rein- 
forcements,” Mr. Sump said, “fi- 
bers provide a high elastic modu- 
lus, and they avoid problems of 
abrasion.” 


Polystyrene ‘Wheel’ 
Aids Water Conditioning 


A “dispenser wheel” used for 
conditioning water in Norge au- 
tomatic washing machines is 
molded of polystyrene. The de- 
vice, which perches atop the ma- 






Bottom view of dispenser wheel. 


CRUCIBLE ACCUMET 
STAINLESS CASTINGS 


provide smoother surfaces ... closer tolerances —cut finishing costs 


Even intricately shaped parts, like this cream 
separator neck piece, can be used essentially as- 
cast when produced by the ACCUMET method. 
That’s because ACCUMET casting employs hot 
molds with special inner linings. You get cast- 
ings on which thin sections are minutely defined 
...and with exceptionally fine surface finish. 
Costly finishing operations are practically elim- 
inated. . 

On this stainless steel part, for example, the 
only finishing operations necessary are drilling 
- and tapping of the stem section, grinding flats 


on the bow end, and polishing. 

To minimize finishing operations on your prod- 
ucts, consider the advantages of ACCUMET 
precision investment castings. Let your Crucible 
representative show you how their close toler- 
ances, fine finish, and physical and metallurgi- 
cal accuracy can spell substantial savings for 
you. And — to see what information is available 
on these and other Crucible special steels, write 
for your free copy of the “Crucible Publication 
Catalog.” Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 


For more information, turn to Reader Service card, circle No. 504 
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if your firm= 
uses parts anything 
=like these... 


we'll show you 
how to= 


reduce 
your 
costs/ 


Through Albion’s modern resin shell 
casting techniques, pearlitic and 
ferritic malleable irons may be cast 
to your specifications and tolerances 
with physical properties to suit your 
specific range of applications. 

And more important, Albion’s 
resin shell molded pearlitic and fer- 
ritic malleable iron castings combine 
the advantages of both castings 
and forgings. They’re produced 
to extremely close dimensions to 
eliminate excess metal as well as 
machining or grinding operations; 
for greater production time, tool 
and labor savings. 











Phone your Albion Malleable tron 
Company representative today. 
He can show you how to save 
valuable time and dollars through 
Albion's modern casting techniques. 
















Albion’s Research and Development 
Laboratory facilities are at your disposal. 
Whether you are designing new or review- 
ing present parts, Albion’s engineers are 
anxious to assist you. 


ALBION MALLEABLE 
IRON CO, iicncan 
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Polystyrene dispenser wheel op- 
erates on the principle of centrifugal 
force to apply water conditioner. 


chine’s agitator and operates on 
the principle of centrifugal force, 
automatically applies water con- 
ditioner to the wash during the 
rinse cycle. 

The inner chamber of the de- 
vice is manually filled with liquid 
water conditioner when the clothes 
are placed in the machine. During 
the spin cycle, centrifugal force 
causes the liquid to spill over into 
the outer chamber (see photo of 
bottom view). When the agitator 
stops for the rinse cycle, the liquid 
runs out into the wash water 
through openings in the bottom 
of the device. 

Styron 440 (Dow Chemical Co.) 
was chosen for the application 
because of its high impact 
strength and high resistance to 
heat distortion. In addition, it has 
a low water absorption rate, can 
be readily molded on standard 
injection equipment, and is well 
suited to applications requiring a 
high gloss and fine surface tex- 
ture. 


Use of Molybdenum 
at High Temperatures 


In the attempt to secure better 
high temperature materials for 
aircraft applications, several mo- 
lybdenum-base alloys have been 
developed during the past few 
years. Many of these alloys exhibit 

















Naugatuck MARVINOL 


Pure polyvinyl chloride resins 

















Whether you are a buyer, manufacturer or marketer of vinyl toys, insist that these toys 
be made from Naugatuck’s pure, virgin MArvinoL® polyvinyl chloride resins. That's 
your best assurance of toys that: 


Fors afe, © Are completely non-toxic. 
® Are easily washed with soap and water. 
non- {ox P et ® Do not react chemically with saliva. 


® Are tough and practically indestructible. 
® Can be brightly colored clear through, 


ig é rt yi eliminating surface painting. 
For expanded (foam) vinyl toys like those shown in the illustration, Naugatuck makes 
7 ovs the ideal blowing agent, CeLocEN-az®. Non-toxic, non-staining, non-discoloring and 
y odorless, CELOGEN-Az has a high “blowing” temperature and produces a very fine, uni- 


form cell structure. 

The Naugatuck Technical Representative in your area will gladly help you to select 
the Marvinot resin designed for the type of product you are interested in...and help 
you to obtain the results you want. 


Naugatuck Chemical Division 


Naugatuck, Connecticut 


BRANCHES: Akron * Boston * Gastonia, N.C. ¢ Chicago * Los Angeles * Memphis * New York « Phila. 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario * Rubber Chemicals ¢* Synthetic Rubber °* 
Plastics * Agriculeural Chemicals * Reclaimed Rubber ¢ Latices * Cable Address: Rubexport, N. Y. 
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AS PRECISION CAST... 


Precision Metalsmiths casts this valve as 
a pressure-tight unit in a beryllium 
copper alloy at the unbelievably low cost 
of $4.90. 

Figure what it would cost—at your 
overhead—to produce, handle and stock 
the six brass, copper and steel parts that 
formerly went into this assembly. Then 
add fabrication costs, with an allowance 
for leaker-rejects that showed up all 
too frequently. 

We can’t promise you savings like this, 
of course. But the expendable pattern 
process gives product designers a free 
rein; your men imagine what they'd like 
to have and we cast it for them. Many 
machining and assembly operations can 
be eliminated and, often, parts are made 
in alloys that can’t be machined—a frac- 
tion of an ounce up to 10 pounds. 


INVESTMENT CASTINGS 


PRECISION METALSMITHS, INC.,1077 East 200th St., Cleveland 17, Ohio 
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af % | 
you're worried about 
high costs 





and we'll send you this 
free book 








outstanding high temperature 
strength. 
At the National Aeronautic 


Meeting of the Society of Auto- 
motive Engineers held in April, 
R. T. Begley, Aviation Gas Tur- 
bine Div., Westinghouse Electric 
Corp., delivered a paper on ‘‘Mo- 
lybdenum for Aircraft Applica- 
tions’ in which he presented a 
summary of latest developments. 
Here is a digest of his findings. 
Advantages of molybdenum 
Molybdenum alloys have been 
found to have higher’ useful 
strength at temperatures over 
1600 F than any presently known 
materials. For example, the ele- 
vated temperature ductility of 
molybdenum and its alloys, final 
elongation in stress-rupture tests 
and reduction in area are all gen- 
erally better than those of other 
materials. In addition to its high 
temperature strength, molybde- 
num has a high modulus of elas- 
ticity, a desirable property in 
applications where buckling is a 
critical factor. Molybdenum’s high 
thermal conductivity is effective 
in reducing “hot spots” in com- 
ponents where nonuniform tem- 


PHYSICAL PROPERTIES OF 
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MOLYBDENUM > 
Atomic Number.......... 42 
Crystal Structure..........Body Centered Cubic 
Melting Point, F...... .4730 
Density, Ib/cuin......... .0.369 
Ther Cond, 
Btu/hr/sq ft/ft/°F 
200 F..... ot 
1200 F.... . 62.5 
1800 F.... desc 
Coef of Ther Exp, 
in./in./°F 
32- 200F..........2.67 x 106 
32-1200 F..........3.05 x 10°6 
32 - 1600 F..........3.21 x 10° 
32 - 2000 F....... . 3.36 x 106 
Modulus of ahs psi 
80 F.. 46.0 x 108 
500 F. .., 43.2 x 106 
1200 F. 41.0 x 108 
1400 F. ... 39.9 x 10 
1600 F... . 39.9 x 108 
Poisson‘s Ratio 
80 F . 0.324 
Se 0.321 





aData given for unalloyed molybdenum. 











TUBING 
AT 
WORK 
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This spindle turns at 10,000 RPM without a jitter—that's Corrosion Resistant Welded Stainless Steel Tubing with- 
the benefit of Welded Carbon Steel Tubing's “on-center” stands constant contact with chemical dyes, pressure and 
uniformity of roundness, wall thickness and concentricity. wear in this packaging yarn dyeing equipment. 


For 10,000 RPM’s or fighting corrosion 
CHOOSE |WELDED)| STEEL TUBING 


Carbon - Alloy - Stainless Steel 

















Welded Tubing replaces solid sections for strength-to-weight ratios through pressure, 
most high RPM applications because of temperature and corrosive applications. | 
direct savings and better results. Welded Only Welded Tubing has these advantages. 

Tubing’s broad and uniform characteristics For all tubing applications, consult a quality 

help to solve problems ranging from high tubing producer. 


Design inspiration for you 


The 260-page Handbook of Welded Steel Tubing con- 
tains inspiration and data for tubing designs. For your 
copy, write on your company letterhead, giving your title. 


FORMED STEEL TUBE INSTITUTE 
850 HANNA BUILDING ¢ CLEVELAND, OHIO 
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now magnesium Castings for 
high temperature applications 


Now you can enjoy the high strength-weight ratio of magnesium at high 
temperatures. Alloys now being cast by Rolle have the tensile strength and 
creep resistance modern jets and missiles demand .. . even at temperatures 
above 600F. 


Developed by Magnesium Elektron Ltd., these rare-earth magnesium alloys 
were pioneered in this country by Rolle personnel. And in the hands of Rolle 
foundry engineers, the published specifications of the alloys are being real- 
ized to the utmost in casting after casting. 


As a specialist in the sand, permanent mold, shell, and investment casting of 
the light metals, Rolle can offer you unrivalled experience from design 
through pouring and testing . . . whether you need creep resistance above 
600F or not. Take advantage of that experience by bringing your casting 
problems to Rolle. You'll be assured of the best possible casting in the one 
alloy that meets all your needs, and at the same time, you'll save time, 
trouble, and expense. 


FREE 57-PAGE ENGINEERING MANUAL helps you design and specify 
aluminum and magnesium castings. Available on letterhead request. Write 


for your personal copy. 

ee ERE OS E 

totum | REOLLE 
| in Rolle laboratory 

i 1 

controlled castings | MANUFACTURING COMPANY 
\ l 

tienes einen Rlicainscae ilscalintataainliia iia as _! 303 Cannon Avenve, Lansdale, Pa. 
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1832 2012 2192 2372 2552 2732 
Annealing Temperature (I-hr anneals) 


Hardness as a function of anneal- 
ing temperature for two arc-cast 
molybdenum alloys. 


perature distribution is a problem. 
The high strength molybdenum 
alloys now commercially available 
are solid solution alloys that rely 
largely on strain hardening to 
achieve maximum strength. One 
of the most important character- 
istics of molybdenum-base alloys 
is the recrystallization tempera- 
ture. Since these alloys derive 
their excellent elevated tempera- 
ture strength through mechanical 
working, the recrystallization tem- 
perature sets an upper limit to the 
operating temperatures at which 
the beneficial effects of mechanical 
working may be retained. The 
recrystallization behavior of two 
commercial arc-cast molybdenum 
alloys is shown in the accompany- 
ing graph, where room tempera- 
ture hardness is given as a func- 
tion of annealing temperature. 
The abrupt drop in room tempera- 
ture hardness with increasing an- 
nealing temperature indicates the 
occurrence of recrystallization. 


Disadvantages 

There are three main disadvan- 
tages in the use of molybdenum 
for aircraft applications: 

1. High density. The relatively 
high density of molybdenum (ap- 
proximately 25% greater than 
conventional turbine blade materi- 
als) is definitely a disadvantage, 
particularly in rotating compo- 












For fabricated plastic laminates... 
LET MICA MAKE IT! 





It makes sense ...saves dollars, too...to use MIca’s experience, facilities and know- 
how to design, fabricate and machine your laminated plastics requirements. 


If it’s savings you’re after, let MICA make it. 
You get quality, uniformity, prompt delivery. 
Consistency of base materials and workmanship 
all are our undivided responsibility. We know our 
materials and their working properties, and have 
equipment specially adapted for this work. 


If it needs special properties, let MICA make it. 
We produce phenolic, melamine, silicone, poly- 
ester and epoxy laminates with paper, linen, 
canvas, asbestos and fibrous glass bases. Properties 
can be readily varied to meet special requirements. 


If it needs special machining, let MICA make it. 
We're equipped to do punching, drilling, routing, 
sawing, turning, tapping, boring, threading, mill- 
ing, engraving, hot stamping, fungus-proofing, plus 


SCOTCHPLY® is a registered trademark of Minnesota Mining and Manufacturing Co. 


MICA INSULATOR COMPANY 


Subsidiary of Minnesota Mining and Manufacturing Co. 





For more information, turn to Reader Service card, circle No. 480 


many special operations. 


If it needs creative engineering, let MICA make it. 
With our knowledge of a wide variety of mate- 
rials, our complete fabrication facilities and our 
experience with thousands of applications, we can 
design and manufacture prototype materials and 
parts, and conduct tests, experimental and develop- 
ment work through every stage to delivery of 
finished parts. 


We can also mold parts of glass-reinforced poly- 
ester resin and SCOTCHPLY® reinforced plastic. 


If you have a fabrication problem now, send us 
prints and specifications for a prompt quotation. 
If engineering assistance is needed, we'll be glad 
to work with you. 


SCHENECTADY 1, NEW YORK 
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chem-o-sol’ is Super Plastisol... 


Chem-o-sol is our trade name for specially 
formulated polyvinyl dispersions (plastisols), 
which free the designer from the limitations of 
conventional materials. Inherently versatile 
because of their “liquid solid” nature, these 
dispersions offer unlimited opportunity to solve 
old problems and to develop new products, new 
forms, new characteristics. They are simple to 
apply, whether adapted as coatings and finishes 
or as shaped components. 


To give you the ultimate in this new pro- 
duction tool, we operate the world’s largest 


plant — with the most modern facilities for 
research, application method development, and 
production of specialized formulations. 

Call on these facilities to improve your 
present production, create new products, open 
entirely new fields. 


Chemical Products 


CORPORATION 
KING PHILIP ROAD « EAST PROVIDENCE, R. |}. 
Member Vinyl Dispersions Division of The S.P.!. 









See opposite page for technical data 
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Chem-o-sol is supplied as a liquid and 
when fused at temperatures in the vicinity 
of 350°F. (some lower fusing compounds are 
available) results in a tough, resilient solid 
with all the outstanding physical and chem- 
ical properties associated with the polyviny! 
chloride resins on which Chem-o-sol is based. 
Listed below are some of the properties 
which are available in Chem-o-sol in al- 
most any combination: 


COLOR 


Available in any desired color. 


TENSILE STRENGTH 


As required within the range 1,000 psi. to 
2700 psi.* 


PERCENT ELONGATION 
350 to 600* 


HARDNESS (Shore A.) 
As required within the range 10 to 100. 


FLEXIBILITY 


A fused section of Chem-o-sol is flexible at 
temperatures as low as —65°F. 


CHEMICAL RESISTANCE 


Highly resistant to most acids, alkalies, de- 
tergents, and to a wide range of oils and 
solvents. 


HEAT RESISTANCE 


Equivalent to other versions of vinyl based 
compounds. Chem-o-sol, with resistance to 
temperature of 225°F. for as long as 2000 
hours and to temperature of 450°F. for 
over two hours is available. 


DIELECTRIC STRENGTH 


Minimum of 400 volts per mil when fused 
in sections 3 mils thick and over. 


SOLIDS CONTENT 
100% — Chem-o-sol can be molded in very 
thick sections. Reproduction of mold surface 
is excellent. 
APPLICABILITY 

Chem-o-sol is readily applied by dipping, 
die wiping, molding, casting, spraying, or 
spreader coating. 


VISCOSITY 


As required for application method. 


*As measured by Model IP-4 Scott Tester. 


Send For Chem-o-sol Brochure 
When writing to us, use Page 10 of your 
chem-o-sol brochure as a guide to outline 
your project or new end use for Chem-o-sol. 
As soon as we know your requirements, our 
entire resources will be put to work. 


* 

Chemical Products 
CORPORATION 

King Philip Road « East Providence, R. I. 


Member i Dispersions Division 
The S.P.1. 






chem-o-sol® | 











nents. However, the _ strength- 
weight ratio of molybdenum-base 
alloys is still significantly superior 
to that of conventional super- 
alloys at temperatures over 160) 
F. 

2. Difficulty of obtaining high 
strength joints. Molybdenum and 
its alloys may be fabricated by 
most conventional techniques, but 
the problem of obtaining ductile, 
high strength joints has not been 
fully solved. Satisfactory welding 
methods have been developed for 
a number of applications, however. 

3. Absolute lack of oxidation 
resistance. The most serious ob- 
stacle to successful utilization of 
the outstanding high temperature 
properties of molybdenum-base 
alloys in aircraft applications is 
the oxidation problem. The vola- 
tility of molybdenum trioxide 
(MoO:) prevents the formation of 
a protective oxide layer at ele- 
vated temperatures. The volatili- 
zation of the trioxide begins at 
about 932 F and at temperatures 
above 1450 F is very rapid, result- 
ing in an extremely large loss of 
surface. The nature of this oxide 
restricts the likelihood of discov- 
ering an alloy addition, or addi- 
tions, which would form a pro- 
tective oxide layer. Because of 
molybdenum’s complete lack of 
oxidation resistance, some form 
of protective coating must be ap- 
plied if this material is to be used 
in oxidizing atmospheres at tem- 
peratures over 1000 F. 

Coating requirements 

The requirements for a coating 
that will successfully protect 
molybdenum components at ele- 
vated temperatures depend, of 
course, on the temperature range, 
length of exposure, and environ- 
mental conditions. For use in gas 
turbine components such as tur- 
bine blades and nozzle vanes oper- 
ating at temperatures in the 
range 1800-2100 F, the following 
requirements must be met: 

1. Satisfactory oxidation resist- 
ance. The coating must be capable 
of affording consistent protection 
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Now available 
in production 
quantities 


Keeping pace with the advanced 
design of transistors and other elec- 
tronic components, Somers Brass 
Company has installed a unique mill 
for the production of ultra-thin strip. 
Brass, copper and nickel are now 
being rolled down to .000175”, up 
to 4” wide, in footages to satisfy 
mass production requirements. 


You can rely on Somers, special- 
ists for nearly 50 years, for the 
experience to solve your thin strip 
problems, whether in design or 
manufacturing. 


Write for Confidential Data Blank 
and a complete analysis of your 
present or proposed application at 
no cost or obligation. 


a EXACTING STANDARDS oy 


¢O ly 






Somers Brass Company, [nc., 
108 BALDWIN AVE., WATERBURY, CONN. 
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NEW IMPROVED HARD FACING 





Tough, hard ceramic coatings 
provide superior bearing surfaces 


Sprayed alumina forms “sap- 
phire-hard” surfaces highly re- 
sistant to wear, abrasion and 
corrosion. Ideal for bearing sur- 
faces, seals. 


Development of the new METCO 
THERMOSPRAY GUN for spraying high- 
melting-point ceramic materials at low 
cost opens up a variety of new practical 
applications. One that has produced a 
great deal of interest is the use of 
sprayed alumina coatings for bearing 
surfaces and mechanical seals. This 
THERMOSPRAY 101 Ceramic Powder 
produces surfaces with a hardness of 
9.0 on the Moh scale, (only the dia- 
mond rates 10.0) with excellent resis- 
tance to wear, abrasion and corrosion. 
When used in combination with special 
phenolic or furane plastic sealers it 
provides superior protection against 
many acids. 


Another THERMOSPRAY Powder — 201 
— is zirconia which is somewhat softer 
than No. 101 but provides superior heat- 
insulating properties. Melting point of 
this material is 4600° F. and particle 
hardness 8.0 on the Moh scale. 


Pump rod sprayed 

with alumina 

provides superior 
protection against | 
abrasion and corrosion. 


— 








(See last paragraph above) 


Hard-facing alloys of the self-fluxing, 
nickel-boron-silicon type in powder form 
can also be applied with the METCO 
Type P THERMOSPRAY GUN. These 
coatings may be fused, semi-fused, or 
left unfused depending on the hardness 
desired, from RC 30 to RC 65, depend- 
ing on the alloy and the process used. 


The new THERMOSPRAY GUN operates 
without compressed air, only oxygen 
and acetylene being required. The free- 
flowing THERMOSPRAY powders are fed 
to the flame nozzle from a hopper atop 
the gun, melted and propelled to the 
surface to be coated. These materials 
are sprayed many times faster (up to 
15 sq. ft. per hour—.010” thick) than 
has been possible with equipment previ- 
ously available. Deposit efficiencies are 
in excess of 95%. These factors result 
in extremely low coating costs. 


Preliminary engineering data con- 
tained in Bulletin 127 covers ceramic 
coatings while Bulletin 126 covers the 
hard-facing alloys. Either or both may 
be obtained by filling out the coupon 
below or writing on your company’s let- 
terhead. No obligation, of course. 


3 The following trade names are the property of Metallizing wo 
FF ESS neering Co., Inc. Metco*, THERMOSPRAY. *Reg. U.S. Pat. Off. 


i. 


; Metallizing Engineering Co., Inc. 
free bulletins 1175 Prospect Ave., Westbury, L. I., New York 


an ee. 


Please send me [] free Bulletin 127 (ceramic coatings) 











(C free Bulletin 126 (hard-facing). 
Name 
Title Company 
Address 
City Zone State 
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for 50-100 hr, and must be free 
of porosity and pinholes. 

2. Impact resistance. The coat- 
ings must be able to absorb the 
impact of small particles of debris 
that normally pass through the 
turbine during engine operation. 

3. Thermal shock resistance. A 
successful coating must withstand 
the rapid heating and cooling en- 
countered during operation with- 
out cracking or spalling. This 
problem is aggravated by the 
large dissimilarity in coefficient 
of thermal expansion between 
molybdenum and the common oxi- 
dation resistant alloys. 

4. Erosion resistance. The coat- 
ing must have satisfactory resist- 
ance to the erosive action of the 
high velocity gas stream and small 
particles of sand, oxides, etc. 

5. Ductility. The coating should 
be capable of withstanding 1-2% 








Aluminum ‘“wing’’ skins—Shown 
here is an array of Convair delta 
wing interceptor sculptured compo- 
nents made by. Tapered Air Products 
Corp. These skins and _ structural 
components are machined from 5/16 
in. thick 2024 aluminum stock to 
sections as thin as 0.055 in. on ma- 
chines especially designed and con- 
structed for the purpose. As much 
as 75-85% of the metal is removed 
during machining. These integrally 
stiffened aircraft skins and structur- 
al members offer great advantages 
in weight and strength, as well as 
savings in assembly time, compared 
with assemblies of panels and stif- 
feners formerly used. 
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SEND FOR Y 


PRODUCTS FOR INDUSTRY 


VULCANIZED FIBRE 


ARMITE 


SPAULBITE 


SPAULBSO 


SPAULDING FISRE BGARS 


SPAULDING YT BOARD 


MATERIALS HANDLING 


EQUIPMENT 


‘SPAULDING FIBRE COMPANY, nc. 





SPAULDING 
BRANCH SALES OFFICES 


ATLANTA 7, GA. 

1250 South Oxford Rd., N.E. 
BALTIMORE 18, MD. 

2104 North Charles St. 


BERKELEY 9, CALIF. 
1780 Shattuck Ave. 


BOSTON 16, MASS. 

585 Boylston Street 
Boston Area: 

WELLESLEY HILLS 82, MASS. 

44 Washington Street 

BRIDGEPORT 6, CONN. 

2626 Main Street 
CAMDEN 1, N. J. 

227 South Sixth Street 
CHICAGO 34, ILL. 

7644 West Belmont Avenue 
CHICAGO 25, ILL. 

4770 Lincoln Avenue 
CHICAGO 38, ILL. 

5604 West 63rd Street 


Chicago Area: 
BERWYN, ILL. 
3247 Grove Avenue 


CLEVELAND 20, OHIO 
3494 Lee Road 


CLEVELAND 16, OHIO 
19035 Detroit Rd., Rocky River 


DAYTON 2, OHIO 
136 So. Ludiow Street 


DETROIT 1, MICH. 
4612 Woodward Avenue 


FORT WAYNE 6, IND. 
2301 Fairfield Avenue 


LANSING 10, MICH. 
2021 South Cedar Street 


LONG ISLAND, N. Y. 
90-34 Jamaica Avenue 
Woodhaven 21 


LOS ANGELES 15, CALIF. 
1325 San Julian Street 


MILWAUKEE 16, WIS. 
8338 West Lisbon Ave. 


Newark, N. J. Area: 


WESTFIELD, N. J. 
101 Central Avenue 


NEW YORK 55, NEW YORK 
384 East 149th Street 


ST. LOUIS 5, MO. 
7247 Olive Street Road 


ST. LOUIS 17, MO. 
1500 Big Bend Blvd. 


SYRACUSE 3, N. Y. 

1206 East Water Street 
TONAWANDA, N. Y. 

310 Wheeler Street 


TORONTO, ONT. 
106 Lakeshore Road, E. 
Port Credit, Ont. 
LONDON, ENGLAND 
Spaulding's LTD. 
40 Gloucester Way 
Clerkenwell, London E.C. 1 
PARIS, FRANCE 
La Fibre Vulcanisee—Spaulding 
27 Rue Vincent Compoint 


Pr 


BRAND NEW 
42-PAGE 
SPAULDING 
HANDBOOK 





\ 


ha, vauicdiihee AM iieacdian deimuasirnasiaiell 


AN IDEA BOOK, buying 


guide and technical manual rolled into 
one. Especially valuable as a reference for 
Design Engineers, Draftsmen and Buyers of 
machine parts. 


INCLUDES... 


Tables of Physical Properties 

Charts for determining dimensional changes 

List of applications classified by industries 
IIlustrations and descriptions of typical applica- 
tions classified as to combinations of properties 
Forming and Fabricating information 

Specific Information for Engineers and Draftsmen 
Grade selection charts 

... and a wealth of other useful information, 


MAIL COUPON TODAY 


or Contact the Spaulding Office 
nearest you 


ee ee 

















SPAULDING FIBRE CO., INC. ; 
310 Wheeler Street 
| | 
| Tonawanda, New York | 
| Please send me by return mail my free copy | 
| of your new 42-page Handbook. ] 
| | 
| Name | 
| | 
| Title | 
Firm Name 
| Address ! 
| | 
| City Zone State | 
! ! 


! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
! 
| 
| 
| 
| 
! 
! 
| 
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How Magline Magnesium Helps 


tog: od —am —» @ og Mo} | a - | 





University of Michigan Probe Mysteries 


of Upper Atmosphere 


Time: /nternational Geophysical Year 
Launching Site: Fort Churchill, Canada 


Objective: Upper air research ... 100 
miles above the earth 


Magnesium is playing an important role in 
the success of the Nike-Cajun sounding 
rocket. Cost-saving design components, 
made by Magline have eliminated earth- 
binding pounds from the rocket . . . while 
meeting the rigid demands of supersonic 
speeds! 

Magline magnesium improves down-to- 
earth products too. In automobiles, office 


machines, industrial equipment, consumer [; 
durables —wherever weight and cost are | Magliner M 
important, design engineers are finding | 


a practical solution with magnesium. 
World’s lightest structural metal, magne- 
sium can be cast, formed, extruded, drawn 
or worked into virtually any size or shape! 
Tooling costs are lower . 


costs too! Put Magline experience to work 


MAGLINE INC., P.O. BOX 417, 


Name ee. 
| 


. machining, | Address 
fabrication, processing, handling, assembly | City 


for you. Four plants to serve you ... with 
complete facilities for cast or fabricated 
products. Design and technical service 
available. 


MAGNESIUM COMPONENTS 
OF NIKE-CAJUN ROCKET: 


A Coupling is a cone-shaped magnesium sand cast- 
ing which keeps the two stages of the rocket integral 
until differential drag separates them. 


Each Nike fin assembly consists of a four-piece 
quadrant and fin. Quadrants are magnesium sand 
castings. Fin is a weldment of magnesium structural 
plate and magnesium sand castings. 


lease send me my copy of Data Bulletin M-50 on 
agnesium 


Check interest: 
(_] Die Castings [_] Sand Castings 
[_] Permanent Mold [_] Fabrications 








Zone State 





Canadian Factory: Magline of Canada, Ltd., Renfrew, Ontario 


For more information, turn to Reader Service card, circle No. 461 
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creep strain in 100 hr without 
fracturing. 

6. Compatibility with base metal. 
The coating should not interact 
with the molybdenum base to 
lower considerably the recrystalli- 
zation temperature or to impart 
brittleness. 

7. Ease of application. The coat- 
ing should be capable of being 
applied below the recrystallization 
temperature of the molybdenum 
alloy, and the method of applica- 
cation should be suitable for coat- 
ing complex shapes. The coating 
surface should be smooth, so as 
not to present aerodynamic prob- 
lems. 

8. Ease of handling. A practical 
coating must be sufficiently rug- 
ged at room temperature to with- 
stand normal handling during in- 
stallation without failure. 

A wide variety of coating ma- 
terials and methods of application 
has been investigated in recent 
years. In the course of this work 
several coatings have been devel- 
oped which provide protection for 
molybdenum in laboratory tests 
for periods in excess of 100 hr at 
2000 F, and for considerably 
longer times at lower tempera- 
tures. Since no one coating has 
demonstrated superiority under 
all conditions, coating selection is 
largely determined by the service 
conditions of the particular part. 
The coatings listed below (see 
Harwood, J. J., “Protecting Molyb- 
denum at High Temperatures,” 
MATERIALS & METHODS, Dec. ’56, 
p 84) appear to be the most prom- 
ising at present: 


1. Electrodeposited chromium- 
nickel coatings. 


2. Aluminum - chromium - silicon 
sprayed metal coatings. 


38. Claddings of nickel and 
nickel-chromium alloys. 


4. Nickel-chromium-boron coat- 
ings applied by metal spraying or 
brazing techniques. 

These coatings vary considera- 
bly in their impact resistance, 
thermal shock behavior, ductility, 
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Miniature electronic components potted 
in Epon resin by Freed Transformer Com- 
pany, Inc., Brooklyn, New York 


Why 


® 
EPON RESINS 


4 Good Reasons! 


Outstanding adhesion to metal, glass, plastics 


Excellent dimensional stability 


1. 
2. 
3. High mechanical strength 
4a 


Excellent dielectric properties 


Epon RESINS are preferred for potting, 
laminating, sealing and encapsulating 
because they offer an almost ideal 
combination of electrical and physical 
properties. 


Potting and encapsulating. 
Epon resins have outstanding adhesive 
properties. They form strong bonds to 
metal and glass, provide airtight enclosure 
of delicate components and vacuum tubes. 
They also have excellent dimensional sta- 
bility and can withstand solder bath 
temperatures. 


Sealing. Enamels and varnishes based 
on Epon resins provide excellent moisture 
sealing plus outstanding resistance to sol- 


SHELL CHEMICAL CORPORATION 


‘ CHEMICAL SALES DIVISION 380 Madison Avenue, New York 17, New York 


Atlanta + Boston + Chicage - Cleveland, Detroit - Houston + Los Angeles » Newark - New York + San Francisco + St. Lovis 
iN CANADA: Chemical Division, Shell Oil Company of Canada, Limited - Montreal « Toronto + Vancouver 


vents and chemicals, even at elevated 
temperatures. 


Laminating. Epon resins, laid up 
with inert fibrous fillers, produce base 
laminates of superior dielectric properties 
which can be sheared, punched, drilled 
and bath soldered. 


Adhesives. Solvent-free Epon resin 
formulations cure at room temperature, 
with contact pressure alone; form power- 
ful bonds between glass, metal, wood or 
plastic. 


Write for complete information on the use 
of Epon resins in protective enamels, tool 
and die materials, etched circuit laminates, 
transformer and motor sealing compounds. 


For more information, turn to Reader Service card, circle No. 410 





for potting? 





é i 
Section of magnetic amplifier coils em- 
bedded in Epon resin by Westinghouse 
Electric Corporation, Pittsburgh, Pa. 


Potting transformer with Epon resin at 
PCA Electronics, Inc., Santa Monica, Calif. 
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how expensive are molds 
for plastic parts...really? 


Take another look at this part. It has been in production over a 
period of thirty years . . . and not one cent has been charged to the cus- 
tomer for mold repairs! This molding which Kurz-Kasch has furnished 
Bulldog Electric Products Co. by the thousands since 1927, is excellent 
proof that paying enough at the outset for the right molds is a real bargain. 


Sure, good molds cost money initially. But it’s an unvarying policy 
at Kurz-Kasch to design and build original molds for easy repair, so that 


we—not the customer—pay the bills for mold maintenance. 


For a quote you can depend on. . 
per part... call Kurz-Kasch. 


. to give you lowest final cost 





Specialists in thermo-setting plastics for 41 years 


g kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


SALES OFFICES—New York, Mt. Vernon, Mo 4-4866° Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal., Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 


For more information, turn to Reader Service card, circle No. 400 
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etc., but they all appear potential! 
ly capable of protecting molybde 
num at temperatures up to 2000 F 
Use of coated molybdenum com 
ponents in many jet engine appli 
cations at temperatures up to 2000 
F appears to be very likely, al 
though many problems remain to 
be solved before molybdenum-base 
alloys can be used on a produc- 
tion basis. The major challenge 
appears to be the development of 
coatings which afford satisfactory 
protection at temperatures of 
2500-2600 F and higher. 


Casting of Titanium 
May Be Possible Soon 


Significant progress toward the 
development of a process for cast- 
ing titanium has been achieved 
at Battelle Memorial Institute. 
Although full-scale commercial! 
operations are not yet possible, 
“sufficient research has been done 
in several laboratories and indus- 
trial organizations to indicate that 
there is sound metallurgical basis 
for the establishment of a tita- 
nium casting industry,” according 
to Battelle metallurgists. 

The melting and casting of ti- 
tanium is complicated by the 
necessity for excluding air from 
the melt, since oxygen and nitro- 
gen dissolve in titanium very 
rapidly and cause it to become 
brittle and difficult to machine. 
The melting process is further 
complicated because molten ti- 
tanium reacts with or dissolves all 
known refractories. 

A major breakthrough in ti- 
tanium casting awaits the devel- 
opment of an inexpensive, inert 
and expendable mold material. At 
the present time the best molds 
for producing sound, smooth ti- 
tanium castings with a minimum 
amount of surface contamination 
are those machined from solid 
blocks of graphite, which are rela 
tively expensive. 

Battelle metallurgists report 
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Automobile door sill which previously was etched 
is now produced at lower cost by ROLBOS “‘stop-roll” embossing. 
\ ny \ Emblem is actually reproduced in two colors on the sill plate itself. 
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Design effects previously only secured by etching may now 
be produced more economically on production runs by 
ROLBOS “stop-roll” embossing. Thousands of designs are 
available; practically any may be created to your specifica- 
tion. “Stop-roll” is unique in that the design may be stopped 
at any desired place for identification insertion and then the 
design is continued or a new pattern started. Array of 
brilliant color anodized aluminum is available. 
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To help you transform your design ideas into practical production 
items, we can create and then produce for you exciting style in 
Trim and Parts thru our many processes and engineering-design 
services. Your inquiry is invited. 













Rolbos — roller embossing (including “stop-roll’’). Embos — mechanical embossing. 
Etchrite — sharp etching. Kolfor — cold forged coined letters with integral lug. 
Lithographing * Stamping * Anodizing * Plating * Enameling Working in All Metals. 
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Weighing Epoxies 
Use the HWYSOL 


RATIO-PAK* 


« Saves labor .- Eliminates waste 
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For Hot Melts 
each container 
has resin an 
powdered 
hardener. 


NTTIVVTYTTTYTVTITTTYTVTTITUVTVTTATETNNVTTUTOVYITTATTUVOVUTAU TUN TTAUU0V01 UIA 


Adhesive Kit 


One component 


Te compounds 
For liquid P Pr Say aisine 


pre-weighed components 
in each case. 


*Available for HYSOL Adhesives, Electrical Products 
Tooling materials or your epoxy system 


e Send for descriptive bulletin 


HOUGHTON LABORATORIES INC. 
OLEAN, NEW YORK 


In California gestive In Canada 
12320 LUCILE STREET oo” _ HYSOL (CANADA) LTD. 
CULVER CITY TORONTO 17 
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that Skull melting furnaces ap- 
pear to be quite promising for the 
casting of titanium. With a water 
cooled copper crucible and a con- 
sumable electrode made from com- 
pressed sponge, titanium ingot or 
pieces of welded scrap, such fur- 
naces have been used by the Bu- 
reau of Mines to pour castings 
weighing up to 100 lb. Rapid 
melting is accomplished by the use 
of a high current density and re- 
duced pressure. Fixed electrode 
furnaces have also been used on 
large castings, but adequate su- 
perheat has been more difficult to 
obtain. 

Although little research has 
been done on titanium alloys, 
there is some indication that the 
alpha and the alpha-beta alloys 
are as castable as unalloyed ti- 
tanium. In fact, the alpha and 
alpha-beta alloys may be a little 
easier to cast, because the metal- 
lic alloy additions usually lower 
the melting point; thus, melts can 
be superheated more easily. 


Fluorocarbon Resin 
Resists Most Acids 


A new entry has been made into 
the fluorocarbon resin field with 
the introduction of Genetron HL 
by Allied Chemical & Dye Corp., 
General Chemical Div., 40 Rector 
St., New York 6, N.Y. (For more 
information on Genetron HL, see 
MATERIALS & METHODS, June ’57, 
p 129). 

The high molecular weight tri- 
fluorochloroethylene polymer is 
said to be extremely resistant to 
practically ali organic and inor- 
ganic corrosive liquids, including 
oxidizing acids and most organic 
solvents at ordinary temperatures. 
According to the producer, the 
material is attacked chemically 
only by extremely reactive materi- 
als such as molten alkali metals. 

The fluorocarbon resin has good 
electrical, mechanical, low temper- 
ature and machining properties 


For more information, Circle No. 525 > 





















‘NYLON 





Design with Chemiseal Nylon (duPont Zytel) which has the high- 
est compressive strength, is the most rigid, has the best resistance 
to heat, abrasion, chemicals, solvents, oils and greases—and is the 
lowest priced of the standard Nylon compositions. 




































and can be molded by compres- 
sion, transfer, injection and ex- 
trusion techniques. The material 
; has good compressive strength 
and abrasion resistance and has 
: a tensile strength comparable to 
; that of other rigid thermoplastics. 
It may be used as a packaging 
film, as laboratory and hospital 
j ware, as piping and tubing and as 
2 a wire coating. 


Synthetic Resin Films 
for Special Applications 





A series of synthetic resin films, | 

produced in sheets 38 in. wide, | 

’ 3.5 mils thick and of any length, | 
has been introduced recently by 


, National Aluminate Corp., 6218 
: W. 66th Place, Chicago 38, IIl. 
Called Nalfilms, their character- 


istics such as film thickness, flexi- 
bility, strength, water content 
r and perm-selectivity can be varied 
” to meet special requirements. 

Nalfilm-1 and subsequent odd 




















D 

n 

L U.S.G. supplies Chemiseal Nylon in forms to suit your part 

. requirements at every stage from prototype to plant scale 

, production. 

e EXTRUSIONS—rods, tubing, special shapes (gear & cam blanks, 

e L-shapes and channels) for producing parts in your own plant. 

; MACHINED PARTS—precision fabricated on high-speed auto- 
matics to your specifications. INJECTION MOLDED PARTS—volume 

- production to close tolerances at lowest cost. 

; ‘ Use this complete service as a yardstick to determine the most 

| Centrifugal castings—These 60-in. economical part production methods for your needs. Bulletin 

z dia, 1600-lb castings are used as sep- N-1056. 

-§ arators in chemical plants. The cen- ited 

C trifugal castings, made of 316 ELC a . Sane Sams Company 

Je stainless steel, are first welded to- U n it ed Camden 1, New Jersey 

e gether to form a double flanged 

y drum; then 1300 holes are drilled Ss t t 

a through the wall. Casting, welding, a ePs 

4 machining are all performed by Wis- : 

j consin Stainless Foundry & Machine GS asket PCa: 1404 Div th ou 

Corp. Beet i : 

a OF THE GARLOCK PACKING COMPANY 
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| You save 5 ways with 


SHENANGO CENTRIFUGAL CASTINGS 


By using Shenango centrifugal castings for essentially symmet- 
rical parts, you will gain considerable savings because: 


a) The Shenango process automatically eliminates hidden defects 
in the metal . . . insures fewer rejects. 


om) No patterns required . . . an important saving, particularly on 
special or small quantity runs. 


ty Finer, more uniform grain structure means smoother, faster ma- 
chining, better control, and a higher rate of completion. 





With Shenango centrifugal method control, there’s less excess 
metal to be machined away, less metal to buy and ship! 


5) Because of their homogeneous, pressure-dense qualities, 
Shenango centrifugal castings are stronger, have better wear 
resistance and require less frequent replacement. Maintenance 
cost is cut! 


Check with Shenango on centrifugally cast parts for your needs 
| —large or small castings... rough, semi-finished or precision- 
/ machined ... ferrous or non-ferrous. They'll cost you less in the 
long run. For bulletins, write to: Centrifugally Cast Products 
Division, The Shenango Furnace Company, Dover, Ohio. 





CENTRIFUGAL 
CASTINGS 


Al 


COPPER, TIN, LEAD, ZINC BRONZES 
| MONEL METAL NI -RESIST 


ACD. 
ALUMINUM AND MANGANESE BRONZES 
MEEHANITE METAL ALLOY IRONS 


I 
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numbered films are of the sulfonic 
acid group and contain mobil 
cations. Nalfilm-2 and subsequent 
even numbered films are of th 
quaternary ammonium chloride 
group and contain mobile anions. 
Nalfilm-1 is anionic and Nalfilm-2 
is cationic. 

The new products should find 
application in deionizing water; 
in radioactive waste disposal; in 
separating ionic mixtures; and as 
static-free battery separators. 


‘Spin Welding’ Method 


Joins Plastics Parts 


An improved plastics welding 
technique uses the frictional heat 
generated by the rotational rub- 
bing of two plastics surfaces to 
melt and join plastics parts to- 
gether. The improved technique, 
called spin welding, works espe- 
cially well with such thermoplas- 
tic materials as nylon, acrylic 
and polyethylene resins. The 
process should be of interest to 
manufacturers of aerosol bottles 
since two sections of injection 
molded nylon can be joined to 
form a multi-colored bottle. 

Developed at Du Pont’s Sales 
Service Laboratory, Wilmington, 
Del., the technique is applicable 
to parts with circular joints that 
can be rotated against one an- 
other in a modified lathe, drill 
press or other device. One plas- 
tics part is held stationary in a 
special adapter while the other 
part is rotated against it. The 
plastics parts rub together under 
light pressure until an adequate 
melt is obtained. Pressure is then 
increased and the special adapter 
is released allowing both parts to 
spin together. This automatically 
stops the rubbing action and al- 
lows the weld to form. According 
to Du Pont, the cycle need be 
only long enough to insure com- 
plete welding of the part. 

Excessive speeds create extreme 
vibration and extremely low 





‘onic 
bile 
uent 


anise BRONZE POWDERED METAL SLEEVE 


AVOIDS VIBRATION 


IN CUSHIONED PROPELLER DRIVE 


The rubber-cushioned flow of dynamic power to the 
Flo-torque propeller of four big Mercury engines is smoothed 
at the bearing point by a Keystone powdered metal part! 
Kiekhaefer Corporation molds this bronze insert 

integrally with the die-cast aluminum propeller housing. 

The sleeve assures positive alignment of propeller, 

eliminates development of vibration, and supplies 

built-in longevity. @ Do you have a bearing problem? 


Bring it to Keystone—always at your service! 


ety | a = 
oe 24NUONL cARBON COMPANY 
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Available Now!! 


Reprints of 


MATERIALS & METHODS 
MANUALS 


Because of the great demand for the well-known Manuals that are 
being widely used for reference purposes, we have reprinted the 
following MATERIALS & METHODS Manuals for your use. These 
outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials, parts and finishes. 


The price is right! Only 35¢ for each reprint. On orders of 100 or 
more, an even greater saving is offered—3o0¢ apiece. To obtain your 
copies, indicate in the handy coupon below the Manuals you want. 
Orders will be filled as long as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS & METHODS, then avail yourself of an additional 
service offered by our Reader Service Department. Let us add your 
name to our mailing list, and you will receive the next 12 Manual 
reprints, one each month, for the reasonable price of $4.00 per year. 
Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS & METHODS 
430 Park Avenue 
New York 22, New York 


VY Quantity V Quantity 


Wrought Phosphor Bronzes ..Corrosion: How It Affects Materials 
Carbon and Low Alloy Steel Castings Selection and Design 
Carburizing of Steels Industrial Textile Fibers 
...Malleable Iron Castings Wrought Aluminum Alloys 
.. Surface Hardening of Steels and Irons ... Pressure Sensitive Tapes 
.. Selecting Metal Gieaning Methods ..New Stainless Steels 








.... Engineering Coppers 
.... High-Strength, Low-Alloy Steels 
.... Sandwich Materials 
..Mechanical Properties and Tests 
....Nuclear Radiation 
....Close Tolerance Castings 
....Clad and Precoated Metals 
....Wrought Non-Leaded Brasses 
.... Silicones—Properties & Uses 
....Short Run Press Formed Parts 
....Pinishes for Plastics 
....How to Select a Wrought Steel 
.... Impact Extruded Parts 
....Finishes for Metal Products 
..Nodular or Ductile Cast Irons 


_..Foam Plastics 
....Electroplated Coatings 
..Materials for Nuclear Power Reactors— 


PRICE 50c 


.. Selecting Materials for Electrical 


Contacts 


....Gray Iron Castings 
....How fo Select and Specify Glass 
....Nickel Silvers 
....Hard Coatings and Surfaces 
.... Selecting Plastics Laminates 
.... Hot Forged Parts 
.... Solid Electrical Insulation Materials 
...Fluorocarbon Plastics 
..Magnesium and Its Alloys 


PE eRe Pee Tete Pere Peer ee ee ere ee eer ree ey roy BOD sa ceeded scdadewdaeccceccats 
GR Sac Ung oo ade ce ck Aeuen kOLNEE OEE ERECS Polak es ee KE STERERRERECNS tue boberee du sd0sHedneegee 
I Ori aicn 5 <aac5N Cac acehs chee Rh ann sn Gis SORT CASES 8X <HRERELE CUTER AG Moe oy 16VERKAR ENTE ONS 04600608 
DU Wik 55 Shs 0.0 4,0'e0 604.00 bas 5ibb6 0460060 605ORSESEAKK CER EOp UO 509 0 ¥0049-0 et eee 


[_] Yes, I am a subscriber to MATERIALS & METHODS and would 
like to be put on your mailing list to receive each future Manual, 
when reprinted. Paenee statt 1% WH GB... kn ccc ce es oe issue. 
Upon receipt of your invoice, I will pay $4.00 for a year’s supply. 
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speeds tend to produce a grindin; 
and shearing action. Best result 
have been obtained by increasin; 
the pressure after initial meltin; 
to prevent degradation of the ma 
terial. The pressure must also b: 
great enough to force out any 
air bubbles which may form in 
the joint. 


Two Types of Die Steel 
Available in 1300 Sizes 


Heller Tool Co., Newcomers- 
town, Ohio, has introduced two 
types of flat ground die steels for 
tool and die applications. Accord- 
ing to the company, over 1300 
stock sizes are available in the 
two types of steel. 

One steel, an oil hardening 
type, is a molybdenum alloy steel 
that has been annealed for easy 
machinability. According to the 
producer, a Rockwell C hardness 
of 65 may be achieved by harden- 








Plastics submarine—A small, two- 
man plastics and steel submarine is 
being used by Quest Associates to 
search for sunken treasure. The hull 
and control vanes of the submarine 
are made by molding plastics—glass 
cloth laminates over a steel frame. 
The hull has access hatches with 
plastics domes, similar to a fighter 
type aircraft, that afford easy en- 
trance and exit as well as good visi- 
bility. Called the MiniSub Mark VI, 
the submarine measures 172 in. long, 
22 in. wide and 42 in, high, and it 
weighs 390 lb. Motive power can be 
supplied by foot pedals or a 1-hp 
electric motor. 

















how Vacuum Metals’ FERROVAC boosts 


ball bearing screw life up to 400%... 


Ball bearing screw assemblies, first used in automobile 
steering mechanisms, are now found in such critical 
applications as the actuation of landing gear and con- 
trol surfaces of aircraft and guided missiles. And it 
was in tough jobs like these that the assemblies failed 
in fatigue. Then a leading manufacturer tried vacuum- 
melted FERROVAC® for the balls — and service life 
rose as much as 400% over the original life. Here’s 
why... 

Vacuum melting improves fatigue properties — It 
literally sucks gaseous impurities — focal points for 
fatigue failure— from the molten metal. Vacuum- 
melted metals are cleaner, purer, tougher. And clean- 


® 


liness means an added bonus in fewer rejects. 
Only Vacuum Metals gives you one-source service — 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, provides a fully integrated 
service from melting and casting through mill rolling 
and nationwide distribution of finished mill products. 
And you can get not only small experimental lots, but 
now, thanks to our new 2500 lb. induction furnace — 
the nation’s largest — you can also get large-scale 
continuous production quantities of vacuum-melted 
metals. If you have an application which these unique 
metals may improve, please write giving full details. 
Vacuum Metals Corporation, Division of Crucible 
Steel Company of America, P. O. Box 977, Syracuse 
1, New York. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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e Actual size | 
as shown here ‘@ 
... compact, handy — 


e Shows natural right- 
side-up views... easier 
for inexperienced 
users...a big help in 
precision assembly! 


Just grab this dependable inspection aid 
for on-the-spot checks of work and 
materials in any phase of production. 
Available with folding tripod or sturdy 
microscope stand, for detailed study and 
for small-parts assembly. You can even 
build it right into production machin- 
ery! 


Upright images are sharp and detailed 
to the very edge of the extremely wide 
field of view. Long working distance 
makes it easy to manipulate specimens 
... gives operators plenty of room for 
precision assembly and repairs. (Also 
available as straight tube for applica- 
tions where upright image is not re- 
quired. ) 


FREE DATA BULLETIN! 
ON-THE-JOB DEMONSTRATION! 


Find out how this inexpensive produc- 
tion tool can lower your manufacturing 
costs. WRITE, WIRE or PHONE to- 
day for free demonstrations and Data 
Bulletin D1052. Bausch & Lomb Optical 
Co., 83319 St. Paul St., Rochester 2, 
N. Y. (Phone: LOcust 3000). 


BAUSCH 6 LOMB 


. 
ip 
| 





BAUSCH & LOMB 


WIDE FIELD 


10X to 40X 


Handy ’scopes 
spot-check production, 
speed small parts work 





A 





Use it in tripod.,. 





: 








in microscope stand... 














«++ or even built into 
machinery! 


AMERICA'S ONLY COMPLETE OPTICAL SOURCE 
+ + + FROM GLASS TO FINISHED PRODUCT 
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ing the steel in the temperatu: 
range of 1450 to 1540 F. It 
available in 18 and 36-in. length 
and in widths from 1/64 to 14 i: 
It is recommended for dies, jigs 
punches, templates, gages and 
small tools. 

The other steel, an air harden 
ing type, is a chromium allo) 
that is said to provide 
high degree of wear resistance as 
well as a wide hardening range. 
A Rockwell C hardness of 65 may 
be achieved within a temperature 
range of 1700 to 1800 F. Tools 
made from this steel are said to 
be suitable for punching stainless 
steel, Monel and other abrasive 
metals. The air hardening type 
is available in 36-in. lengths in a 
wide range of widths and stock 
sizes. 


steel 


Rate ‘ 
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Safety vent of porous material dif- 
fuses explosive gaseous mixtures es- 
caping from telephone battery cell. 


Bonded Abrasives 
Check Explosive Gases 


Vitrified bonded abrasive prod- 
ucts are finding wide use as po- 
rous media for gas diffusion, li- 
quid filtration and similar applica- 
tions. An interesting application 
of bonded abrasives is the use of 
a fused, crystalline, aluminum 
oxide abrasive as a safety vent on 
a telephone battery cell. Explosive 
mixtures of hydrogen and oxygen 
gases, formed by the electroliza- 
tion of water during charging, are 
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METALS FOR INDUSTRY 


NEW 











between the 
devil and 
the deep — 
on CORROSION? 


Call on 


-N ZIRCONIU! 
TECHNICAL 
SERVICE 
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in Intricate Parts 
... make them of Malleable Iron 





housing incorporates 








This power steering gear 


all essential elements in 


one pearlitic malleable casting. 








It’s easy to see how machining time is saved by having holes 
and cavities cored in this important part designed for heavy 
construction equipment. And quickly apparent to a produc- 
tion man, fabrication and assembly costs are reduced by 
making the part in one piece. 


/ The machining required is done with ease—with an 


| 1800 Union Commerce Building 


added bonus of longer tool life. 


You can cut costs and gain design advantages if you'll 
get in touch with a malleable foundry engineer at the 
drawing board stage. Write to Malleable Founders’ Society 
for copies of ‘“Malleable Iron Facts” and name of your 
nearest malleable foundry. 





Cleveland 14, Ohio 
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diffused through the vent at dif- 
ferent rates to prevent an explo- 
sion; if allowed to pass freely 
from the battery cell, the hydrogen 
and oxygen gases would be ex- 
tremely hazardous in the presence 
of an open flame or spark. The 
vent also prevents an accidental 
spark or flame from entering the 
battery cell. 

Manufactured by Simonds Ab- 
rasive Co., Tacony & Fraley St., 
Philadelphia 37, Pa., the abrasive 
product, called Borolon Porous 
Media, is said to have excellent 
resistance to acids, with the ex- 
ception of hydrofluoric acid, which 
dissolves the bond, and fair alkali 
resistance. The material possesses 
high thermal shock resistance and 
has a mechanical strength of ap- 
proximately 3000 psi under trans- 
verse loading. 


Colored Plastics Sheet 
for Vacuum Forming 


A high impact plastics sheet 
material known as Crowl X-100 
is being marketed by Charles 
Crowl Co., 11667 McBean Dr., 
El Monte, Calif., for use in post- 
formed products. Based on Plio- 
Tuf, a modified, high impact sty- 
rene, copolymer resin produced 
by Goodyear Tire & Rubber Co., 
the sheets can be postformed by 
a variety of methods including, 
vacuum drawing, vacuum snap- 
back, drape, plug and ring form- 
ing, blow molding and line bend- 
ing. Crowl X-100 sheets are 
recommended for machine covers, 
advertising display panels, win- 
dow frames, loudspeaker covers, 
refrigerator door liners and serv- 
ing trays. 

The sheets are available in 
standard thicknesses from 1/32 
to 1/4 in. in sheet sizes of 39 x 
71 in. untrimmed and 38 x 70 in. 
trimmed. Embossed in two tex- 
tures, the sheets come in a vari- 
ety of colors. 


(more What’s New on p 180) 
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Industry endorsed. For demanding me- 
chanical and electrical applications: Al- 
SiMag 576 is strong, versatile, economi- 
cal; AlSiMag 614 offers even greater 
strength plus valuable low loss factors. 
Many more special purpose AlSiMag 
Aluminas available. 


Important physical advantages: Sapphire 
hard (9 on Mohs’ scale). Permanently 
rigid. Abrasion resistant. Chemically in- 
ert. Vacuum tight. High compressive, flex- 
ural, tensile strengths. Uniform. Resist 
chipping and spalling. Held to precision 
tolerances. 


Important performance values: Superior 
dielectric properties. Great hot-cold and 
mechanical shock resistance. Stable, 
withstand radiation bombardment with- 
out producing contaminants. 
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Parts shown approximately ¥ size. 


Metal-ceramic combinations: Large-scale 
metalizing facilities ... high or low tem- 
perature. Custom and standard designs 
in any volume. Advanced techniques. 
Permanent bonding. 


Prototype Service available: Test your 
designs under actual operating condi- 
tions . . . without investing in production 
tooling! 


Prompt shipment in any quantity! For 
complete information on AlSiMag parts 
in the Alumina material best suited for 
your application, send blueprint or sketch 
with details of operation. 


Aircraft Ignition Insulators 
Bearings 
Chemical Resistant Parts 


Electron Tube Parts: 
Envelopes, Spacers, 
Supports, Windows 


Extrusion Dies 
Fire Detection 
Apparatus Parts 
Hermetic Terminals 
Instrument Parts 


High Heat Resistant Parts 
for Jet Engines, 
Rockets, etc. 


Mounting Plates 
Pump Liners 
Pump Plungers 


Refractory Plates 
and Supports 


Thermocouple Tubes 
Wear Plates and Guides 
Work Holding Devices 











MESSAGE from the NO“men 
of Laminated Shim Company 





























with laminations 


Laminated Shims of of .003” only 












| LAMINUM 











LAMINATED SHIM COMPANY, INC. 


since 1913 


Heodquarters 
1607 Union Street, Glenbrook, Conn. 


For more information, turn to Reader Service card, circle No. 476 
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Fine wire is spooled on these ma- 
chines. 


Fine and Specialty Wire 


Fine steel wire in sizes as small 
as 0.007 in. dia and shaped wire 
in sizes from 1/16 to 3/4 in. are 
now being produced by Bethlehem 
Steel Co. 

Fine wire is available with 
liquor, white liquor and coppered 
finishes, as well as electroplated 
with 99.9% pure zinc. Shaped 
wire is available in squares, flats, 
ovals, hexagons, octagons and 
D-shapes. 


Fracture Properties 
of Aluminum Alloys 


Low elongation aluminum al- 
loys are currently being put to 
widespread use. However, though 
it is generally known that this 
type of material is notch sensi- 
tive and that, except for very 
mild stress concentrations, frac- 
ture starts at a free surface, spe- 
cific information explaining these 
phenomena is not readily avail- 
able. 


In order to supply some of this 
information, James A. Miller and 
Alfred L. Albert, National Bureau 
of Standards, performed tensile 
and bend tests on material in the 
T6 condition cut from 12 x 12 x 
24-in. hand forgings of 2014 and 
7075 aluminum alloys. Originally 
presented in Technical Note 3729 
of the National Advisory Com- 


For more information, Circle No. 511 ¥ 








If testing is important to you 


see BALDWIN first 


Name your testing problem—compression, tension, torsion, 
fatigue, creep, impact. Whatever it may be, Baldwin can 
supply you with the finest in testing equipment to solve it. 
On this page are but a few of the many types and sizes of 
testing equipment in the complete Baldwin testing line. 
For detailed information on these or any other Baldwin 
testing equipment, write today and ask to , 
have a Baldwin representative call on you. 


Impact Testing 
Machine, Charpy 
Type—capacity, 
2 ft. Ib. 


sr-4® Universal 
esting Machine 
capacity, 
50,000 Ib. 





PTE Testing Ma- 
chine —capacity, 
5,000 Ib. 
Baldwin Torsion 
Testing Machine 


SF-10-U Fatigue an —capacity, 
Testing Machine. 60,000 in. Ib. 
Torsion fixture 

attached. 


Baldwin Creep 
Rupture Machine 
with Baldwin 
Model C-2 Recor- 
der attached. 


SF-O1-U_ Fatigue 
BTE Universal | | Testing Machine 
Testing Machine = | with tension-com- 
—capacity, = * pression fixture. 


120,000 Ib. 


BALDWIN :- LIMA: HAMILTON 


Blectronics & Instrumentation Division 
ar Waltham, Mass. 
Testing machines * SR-4® strain gages * Transducers 




















= Conversion to ij \¢ 


‘ NYLON-GEAR - 


BY SMALL-LOT 
MOLDING PROCESS 


SAVES 26¢ PER UNIT 


This Zytel 101 Nylon Beveled Gear replaced a machined 
gear that formerly cost 59¢ each. After the initial tooling 
costs we die-molded it in one operation by our special 
injection process at 33¢ each, 


ACTUAL SIZE ACTUAL SIZE 





COST ANALYSIS: 


Tooling, set-up and first 100 pieces, 
including material and trimming 


ee *286 


Additional 100 lots: $33.00 





In addition to a cheaper piece price and equal wear- 
ing qualities, the Nylon Gear proved rustproof, 
noiseless, required no oiling and weighed less. 


: Let us quote on your Short-Run Plastic Moldings. 
We will gladly submit quotations without obligation. 


| DAYTON ROGERS 
4 Nau pa ctu Ung Company 
| MINNEAPOLIS 7X, MINNESOTA 
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a part of your future 


WERNER Aluminum EXTRUSIONS perform critical functions, achieve the high standards 
required for maximum product and production efficiency. Leading manufacturers of appliances, trailers, 

curtain walls, aircraft, etc. depend on WERNER EXTRUSIONS for precision tolerances, consistent 

quality control and delivery to meet their production schedule. If your present or future product requirements include 





| extruded aluminum parts—contact WERNER Aluminum. Sales representatives located in principal cities. 


444, 


DEPT. MS-7¢ GREENVILLE, PA. ¢ PHONE: GREENVILLE 1600 
ee Le AS BA Ts IS BA 


FRENCHTO 


ucts ave comenn” 
’ 


lrenchtown 








84 Muirhead Avenue 





IF YOU ARE LOOKING for a 
supply source capable of pro- 
viding high-performance ma- 
terials that give you resist- 
ance to high temperatures 
and low thermal expansion; 
excellent mechanical 
strength and wear resistance; 
superior dielectric strength 
and both high and low 
frequencies— 


A GOOD SOLUTION to your 
problem is to check with 
Frenchtown. Asone of Amer- 
ica’s leaders in engineered 
ceramics for over 40 years, 
we are in a position to serve 
you in three ways: (1) pro- 
viding research facilities for 
product improvement 
through engineered ceramics, 
(2) assisting in design and 
development work, (3) pro- 
ducing required parts and 
components in any quantity, 
to your most exacting speci- 
fications. Want to know 
more? Write for literature. 


PORCELAIN 
COMPANY 


Trenton 9, New Jersey 


For more information, turn to Reader Service card, circle No. 370 
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IN MATERIALS 


mittee for Aeronautics, the test 
results show that: 

1. Stress and strain at failure 
vary with the location and the 
direction of the specimen in the 
forging, and there is no consis- 
tent relation between the values 
for specimens parallel to the di- 
rection of the length of the forg- 
ing and the values for specimens 
in either transverse direction. 
This, together with the variabil- 
ity shown by specimens in the 
same direction, shows the need 
for adequate sampling in deter- 
mining the properties of large 
forgings. 

2. Use of the tensile strength 
of adjacent material for modulus 
of rupture in design results in 
conservative values for a) sound 
material with little residual stress 
if the critical stress pattern is 
uniaxial, or b) sound material 
with net elongation of 1% or 
greater if the critical stress pat- 
tern is biaxial. 

3. The ratio of modulus of rup- 
ture to tensile 
elongation material increases with 
increase in strain at the beginning 
of failure. 


strength for low 


Comparison of Plastics 
as Fuel Hose Liners 


A pigmented epoxy resin con- 
taining an accelerator and a 
thinning agent of xylene and 
Cellosolve shows promise as a 
good, low cost material for relin- 
ing fuel hoses. Gas sorbency tests 
of elastomers and plastics con- 
ducted recently at the New York 
Naval Shipyard by Joseph J. 
Steinmetz and E. C. Haas show 


GAS SORBENCY OF HOSE 














Absorption Time, Sec 

Solvent > —__—— — = 

Hose w Pentane| Benzol | Ethanol 
Unlined 2400 900 | 300 
Epoxy-Lined 15 50 20 
Teflon-Lined 18 28 35 

















PURITY plays a part in 


SANDVIK Spring Steel’s 
Super-Performance 


ar ewig 

















SANDVIK STEEL, << 


1708 Wevins Rod, Fl Lown, Mow Srey 


Tel. Fair Lawn 4-6200— mae 
In. ¥. Algonquin 5-220000 


warsheetn, Fle Loom, CA,» eolond en Angels msi 
‘Branch Offices: Cleveland * Detroit, * Chicago * Los Angeles — og 
SANDVIK CANADIAN LTD, P. 0. dn 1, a en 970. 


WORKS: Sandviken and Hellefors, Sweden 


"quality strip steel, close control is held 


+ 


Basic purity has a lot to do with 
Sandvik's ability to deliver top perform: _ 
ance in so many difficult spring steel 
applicatioris. This purity begins with ” 
the purest iron ore —obtained from 
Sandvik’s own mines. 








- Step by step in the production of the 


on the product. Only the purest mate- 
rials, such as sulphur-free charcoal and 
sponge iron are used in the furnaces, — 
The only return scrap used is from the 
Sandvik. plant itself. 


Sandvik supplies cold rolled specialty 
strip steels — 


@ In special analyses for specific 
applications 


Precision-rolled thicknesses to fit 
your requirements 


a 
@ In straight carbon and alloy grades 
= 


Annealed, unannealed or hardened 
and tempered —scaleless or pol- 
ished bright, yellow or biue 


@ With square, round or dressed 
ny 


Sandvik stocks a wide variety of qual- 


ities and sizes. In addition Sandvik has 


Rolling, Slitting, Edge-Filing and Hard. _ 
ening and ‘Tempering facilities. 


Write for the new Sandvik beocines 
and stock lists. 








For more information, turn to Reader Service card, circle No. 427 
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that, out of a number of elasto- 
mers and plastics tested, epoxy 
resins and fluorocarbons (Teflon ) 
have the best resistance to solvent 
vapors. The fluorocarbons show 
better solvent vapor resistance 
than the epoxies but are higher 
in cost. The epoxy resins, on the 
other hand, show good solvent 
vapor resistance, are readily avail- 
able at relatively low cost, and 
can be used to reline present 
stocks of fuel hose with fairly 
simple relining methods. 

In the tests run at the Naval 
Shipyard, various grades and 
types of natural and synthetic 
rubber and plastics hose liners 
were tested. The vapors of three 
solvents — pentane, benzol and 
ethyl alcohol (ethanol) — were 
used to evaluate the sorbency 
properties of the elastomers and 
plastics. Results of the sorbency 
tests conducted on epoxy and 
Teflon-lined hoses are shown in 
the accompanying table. 

To test the durability of the 
epoxy lining, a thin-walled rub- 
ber tube was lined with the resin 
and bent sharply enough to kink 
the tubing and bend it flat. Some 
of the epoxy resin flaked off and 
could be blown out of the tubing. 
Outside of this treatment no fur- 
ther flaking was observed. 








New Plastics Laminate 
for Cold Punching 


A cold punching plastics lami- 
nate for printed circuitry has 
been developed by Richardson Co., 
2747 Lake St., Melrose Park, IIl. 
Properties of the laminate, In- 
surok XT-896, permit it to be 
punched clean and sharp at aver- 
age room temperatures. Accord- 
ing to the producer, the material 
has low moisture absorption, low 
dielectric loss at high frequencies, 

CHEMICAL INDUSTRIES INC and good insulation resistance. In 
’ ; copper-clad form it has high bond 
strength and good blister resist- 


BOX 501; DETROIT 32, MICHIGAN ance. 
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ALUNDUM 
High-Purity 
Fused Alumina 





... has many important 
advantages that may benefit 
your own operations 


ALUNDUM fused alpha alumina, one of many 
electrochemically refined materials produced by 
Norton Company, is gaining increased preference 
for many industrial uses. 


It is available in a number of forms. Of these, 38 
ALUNDUM grain has proved particularly successful 
in applications demanding high purity. Electrically 
fused from Bayer-processed alumina, this white 
grain is 99.49% pure AlgQs. It is insoluble in com- 
mon solvents, extremely resistant to reduction and 
is an amphoteric refractory with high dielectric 
strength. Other characteristics include: 


Melting point....... Reaeees about 3600°F. 
BOGMES WIMPY 6. cccasescicundossts 3.94 
Crystal structure........ hexagonal system 

(rhombohedral division) 
ee ere Se 9.0 Mohs’ scale 
Index of refraction............. 1.76 mean 


Norton Also Electrochemically Refines 


CRYSTOLON* silicon carbide, MAGNORITE* magne- 
sium oxide, NORBIDE* boron carbide, FUSED ZIRCONIA 
and many others, including a number still under 
development. Having varied applications in many 
fields, these high-melting materials are also basic 
ingredients of the famous Norton Refractory R’s 
— refractories engineered and prescribed for the 
widest range of uses. 


For Your Own Requirements 


Norton Company not only supplies these materials 
in crude form but is ready to work with you in proc- 
essing or fabricating them to your own particular 
requirements. The new booklet, Norton Refractory 
Grain — Electrochemically Refined, brings you de- 
tailed information. Write for your copy to Norton 
Company, Refractories Division, 347 New Bond 
Street, Worcester 6, Massachusetts. 













*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 








For more information, turn to Reader Service card, circle No. 428 


Thanks to the inherent hardness, chemical stability 
and high density of Norton high-purity fused alumina, 


engineers in various fields are finding it widely useful. 
For example: 


For Catalytic Reactions 


Norton fused alpha alumina carriers are outstanding 
for chemical stability and resistance to abrasion and 
erosion. Available in the form of spheres, rings and 
pellets they are used in fixed bed oxidation reactions 
where the application requires a low surface area (less 
than lm?/gm) carrier. Inert, dense ALUNDUM spheres 
are also available for space filler applications. Other 
types of ALUNDUM catalyst carriers having surface areas 
in the range 5-60 m2/gm are also available. 





In Thermal Cracking Reactors 


Particularly in Wulff Process Generators for cracking light hy- 
drocarbons to produce acetylene gas and Koppers-Hasche Gen- 
erators for cracking light hydrocarbons to produce a variety of 
gases and petrochemicals — checkers made of Norton ALUNDUM 
high-purity fused alumina provide definite advantages. Their 
excellent heat transfer properties, high refractoriness and resist- 
ance to erosion caused by hot gases are important. Their ability 
to withstand the thermal stresses of intermittent operation as- 
sures long life. And ti.eir purity prevents side reactions with the 
reacting gases, thus safeguarding product quality. 


In Pebble Heaters 


ALUNDUM heat exchange pebbles are giving excellent results in 
pebble heaters for heating gases above operating temperatures 
permissible in conventional tube furnaces. Their great resistance 
to abrasion, impact and repeated heating and cooling make them 
the ideal heat transfer medium in these devices. Also, their high 
refractoriness prevents them from the softening and ‘“‘bridging” 
together that causes stoppages in the heater’s moving bed. 


In Gas Synthesis Generators 


ALUNDUM fired shapes, backed up with ALUNDUM insulating cast- 
able, provide ideal linings for generators of this type because of 
their high-purity, high refractoriness, chemical stability, and 
inertness to reaction with contacting atmospheres, 


Many Other Uses 


for Norton high-purity fused alumina materials include: pure 
oxides and sintered refractories, refractory cements, wear- 
resistant parts, laboratory ware, etc. 


eee ered 


NORTON 


REFRACTORIES 


Engineered... Ey ... Prescribed 
Gillaking better products ... to make your products better 


NORTON PRODUCTS: Abrasives * Grinding Wheels + Grinding Machines + Refractories 
BEHR-MANNING PRODUCTS: Coated Abrasives * Sharpening Stones + Behr-cot Tapes 
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“For maximum heat transfer and long service 
NOTHING CAN BEAT REVERE COPPER TUBE” 


The Bryan Indirect Water Heater 
shown was especially designed 
for swimming pools. 





~ 


0}... heat exchanger is made 
of heavy Revere Copper Tube 
with a bronze head bolted to the 
boiler shell. With this type of 
indirect heating flames cannot 
come in contact with the tubes 
carrying pool water. And since 
the temperature in this exchanger 
is below the critical point at 
which hardness scale readily 
forms, scale deposits are prac- 
tically eliminated. This means 
longer heater life with higher 
heater efficiency. 


- sechlihes hchoatled alates 

















©..i:.. tubes of %4"' and 1-16 


eA BRO RE RIE LEP LAR ARLE i ROIS, 1, 


gauge seamless Revere Copper 
Tube act as primary heat ex- 
changer between burner heat and 
boiler water. And, should it be 
necessary after long service, to 
replace the tubes, it can be done 
in @ few minutes by anyone 
handy with tools. 


In addition to the heater shown 
above Bryan also makes heaters 
and boilers in sizes from domes- 
tic types to 50 h. p. units for in- 
dustrial uses. All use enduring 
Revere Copper Tube. a4 





says O.C. Skinner, President 
BRYAN STEAM CORPORATION 


Peru, Indiana 


“Revere Copper Tube has been the big reason why 
our boilers have been so successful ever since we 
introduced them 30 years ago. Copper transfers 
heat more than five and a half times faster than 
cast iron or steel. Heat from the oil or gas-fired 
unit is transferred through the copper tubes to 
the water in the tubes in jig time and with a min- 
imum of heat loss. 

“It was because of the performance turned in by 
Revere Copper Tube in our boilers that it became 
the unquestionable choice for our new indirect 
heater which is engineered especially for swimming 
pools. In designing this heater we must credit 
Revere’s Technical Advisory Service with an assist. 
For it was through their suggestions that we were 
able to produce a more efficient, longer-lasting 
heater at the least possible cost.” 

So when you buy a Revere Product, whether it be 
copper tube, brass strip or an aluminum extrusion, 
remember: Revere service does not end with the 
bill of lading. Why not call in Revere to “trouble- 
shoot” your problems? 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 





Mills: Rome, N.Y.; Baltimore, Md.; Chicago, Clin- 
ton and Joliet, Ill; Detroit, Mich.; Los Angeles and 
Riverside, Calif.; New Bedford, Mass.; Brooklyn, 
N.Y.; Newport, Ark.; Ft. Calhoun, Neb. Sales Offices 
in Principal Cities, Distributors Everywhere. 
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Wok} AND SUPPLY 


The Outlook by Herman B. Director, Consultant, Washington, D. C. 


Demand for stainless steel to increase 

Production of stainless and heat resisting steel 
continues at a high level. In fact, first quarter pro- 
duction reports indicate that the only decrease 
occurred in the 400 series. Production of high nickel 
steels, as well as the 200 series 4% nickel steels, has 


actually increased. For example, consumption of 
stainless steel in the aircraft industry in 1954 


amounted to 0.69 lb of stainless consumed for each 
pound of airframe weight produced. In 1956, 0.94 
lb was used for each pound of airframe weight. This 
represents an increase of 36%. 

The principal reasons for the drop in the price of 
scrap are: 1) the increased availability of primary 
nickel resulting from Government action to divert 
nickel to industry, and 2) advance shipments by 
International Nickel Co. (caused by the strike at the 
Huntington, W. Va., plant which has now been 
settled). Stainless steel demand and availability will 
both continue to increase during 1957, especially in 
view of reported earlier appearance dates for the 
1958 automobiles. In spite of official denials, reports 
still persist that Chevrolet will introduce its 1958 
model in August, 1957. 


British purchase of bismuth to affect U. S. 
Bismuth supplies, which are controlled by foreign 
producers, are subject to violent price fluctuations in 
the event demand increases to any large extent. The 
United Kingdom is reported to be purchasing bis- 
muth for inventory for use in liquid form as a 
coolant in the British atomic energy program. Ac- 
quisition of supplies in any quantity by either the 
United States or the United Kingdom will pose real 
price problems, and U. S. consumers will be quickly 
affected. 


Technological progress not restricted to metals 
A principal speaker representing the Battelle Me- 
morial Institute at the recent Design Engineers’ 
meeting in New York City stated that “only through 


new developments in metallic materials can _ tech- 
nological advances be made.” In expanding these 
remarks, the speaker stated that metals nonexistent 
ten years ago, including titanium, zirconium, molyb- 
denum, new alloys of aluminum, stainless steel, mag- 
nesium and nodular ductile iron, are in use today. 
Actually, the growth in plastics and ceramics in 
recent years is probably much more spectacular than 
that represented by metals. Certainly technological 
progress as represented by the plastics industry, vir- 
tually unknown ten years ago, and now in the 4- 
billion-lb-per-year production category, has had as 
much impact on technological advance as have metals. 


Steel production to continue high 

Even the more pessimistic steel producers are fore- 
casting 1957 production at record levels. Consumers 
of most products will find it comparatively easy to 
meet their requirements with relatively short delivery 
times. Reaction to the price increases, which will 
undoubtedly result from wage increases after the 
first of July, has taken the form of a drop in order 
cancellations and requests for earlier delivery of July 
tonnages. We still stick with our forecast of a 7 to 
9% price increase (MATERIALS & METHODS, Feb ’57). 


With increasing indications of an earlier model 
changeover in the automotive industry, third quarter 
steel production may not drop as low as industry 
sources had previously expected. Even with increased 
auto production, supplies are more than adequate and 
there should be no shortages. Lead times on heavy 
items, including structurals and plate, are also being 
cut back. Backlogs of structural fabricated steel 
orders are dropping with each successive month. 


Substitute for mica needed 

The Government has announced a new program de- 
signed to develop foreign sources of mica. Incentives 
offered include five purchase contracts as well as 
opportunities to deliver nonstrategic mica, along with 
strategic mica, in a package deal. This dependence 
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on mica, principally for electronic uses, offers a 
unique opportunity to U. S. industry. Development 
of an acceptable domestic substitute for these im- 
ports would meet with a ready and profitable market. 
Efforts at developing substitutes in the past have 
unfortunately resulted in successful substitutes for 
the most plentiful grades of nonstrategic mica rather 
than strategic grades, which remain in short supply. 


Zinc price drop to spur minerals program 





Director on Barter Program 


“In general the Barter Program seems to have 
resulted in a situation in which agricultural 
companies were forced into hiring metals experts 
and establishing metals departments while, con- 
versely, metals producers were forced into the 
agricultural business. It seems obvious that 
neither is qualified to handle business entirely 
alien to its normal activities in order to accommo- 
date the Government’s program. 

“The Barter Program is not over by any means. 
Even if the Government were to abandon its 
Barter Program, it would take a long time for 
world metal markets to recover from the impact 
of trade via barter. The scope of the Barter 
Program is best illustrated by considering that 
in fiscal year 1956 ten materials were involved 
for a total of $104.9 million, as compared with 
15 materials in fiscal year 1957 for a total of 
$188.5 million. 

“Basic tariff legislation was enacted in the 
period when prices were far lower than they are 
today. For example, lead was 6¢ a lb, as com- 
pared with 15%¢ today. The limits to which 
tariffs can be increased in order to restrict foreign 
imports are therefore very small, since maximum 
increases are geared to the lower prices of lead 
and zine. Even if tariffs were increased to the 
maximum permissible, foreign products would 
simply absorb the tariff increase and continue 
to flow into the United States. We believe, there- 
fore, that the most likely prospects are that 1) 
there will be token tariff increases followed by 
2) imposition of import quotas. We should have 
learned a long time ago from our own agricultural 
subsidy program that domestic subsidies and tariff 
protection without import quotas normally result 
in nothing more than an increase in total world 
production and an increase in imports into the 
United States. Agricultural programs are pro- 
tected by subsidies, tariffs and import quotas. This 
appears to be the only effective means of ‘pro- 
tecting’ our minerals industries. As for the 
consumer, it means inflexible prices at a level 
higher than would otherwise prevail.” 








188 « MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


As we had forecast (MATERIALS & METHODS, Jan ’57) 
the suggestion of a cessation in Government buying 
of zinc and lead, plus suspension of the Barter Pro 
gram, resulted in a sharp drop in the price of zinc 
and a drop in the price of lead. Consumers of gal 
vanized products benefited directly from the drop in 
zinc prices since the prices of galvanized products 
were adjusted accordingly. 

In announcing the suspension of barter activities, 
the Dept. of Agriculture stated that the objectives 
of the Barter Program did not appear to have been 
achieved, in that barter was being used as a substi- 
tute for dollar sales rather than as a means of in- 
creasing net exports. 

The confusion in the zinc-lead purchase program 
is spurring efforts by the Administration to put 
before the Congress a long-range minerals program. 
This program is reported to include: sliding scale 
tariff, quota protection, stepped up research and 
development, grants, loans, additional tax benefits, 
transitional Government purchases, and market and 
price guarantees. 


No real shortage of castor oil for plastics 

The Government’s recent report on the possible 
shortage of castor oil turns out, on careful inspec- 
tion, to be purely statistical conjecture. 

A new process for the manufacture of nylon for 
field wire coverings substitutes sebacic for adipic 
acid. Sebacic acid is derived from castor oil and if 
this new process should reach large scale commercial 
proportions, there would be a theoretical shortage 
of castor oil for sebacic acid needs several years 
hence. For the present, however, no immediate 
shortage is foreseen and castor oil supplies are more 
than adequate. 


Urethane plastics foam expands 


Urethane plastics foam, a comparatively new prod- 
uct, is threatening to unseat foam rubber as a 
padding material. Although only 10 million pounds 
were produced last year, indications are that before 
1960 production will have increased by tenfold. Auto- 
matic production techniques recently developed are 
replacing hand batch processes. 


Plastics lead in materials and products expansion 


According to a Dept. of Commerce study of 288 
selected products and services, 16 have expanded 
more than 40% since 1940. Interestingly enough, of 
the 16, six are either plastics materials or related to 
plastics. They include: polyethylene, various types of 
plastics pipe, styrene, butadiene, synthetic rubber 
and synthetic fibers (except rayon). Among the 
metals, only titanium is listed. Among manufactured 
products, the list includes power steering, power 
brakes, television receivers, and electric and gas 
dryers. 
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World smelter production and U. S. consumption of 


lead over the last ten years. 


1957 Will See Increased 
Production, Consumption of Lead 


@ World smelter production of 
lead in 1957 is expected to reach 
an all-time high of 2,328,000 short 
tons—an increase of 27,000 tons 
over production in 1956. The 
United States is expected to lead 
world production with about 550,- 
000 tons. The second largest pro- 
ducer of lead is Australia, with an 
estimated production of 260,06u 
tons. The U.S.S.R. follows closely 
with an estimated production of 
255,000 tons. 

Consumption of lead since the 
end of World War II has fluctu- 
ated up and down in rhythm with 
increased and decreased business 
activity and varying degrees of 
international tension. On _ the 
average, however, consumption 
has increased significantly, and 


according to R. Hendricks, vice 
president of Consolidated Mining 
and Smelting Co. of Canada, Ltd., 
lead is presently being consumed 
at a greater rate than new re- 


serves are being discovered. As a 
result, world reserves are being 
gradually depleted. On the other 
hand, Mr. Hendricks feels that 
“this situation could quickly re- 
verse itself” if the research work 
now being carried out to develop 
gas turbine engines for passenger 
cars is successful. These engines 
will not require high octane fuel 
and if the market for tetraethyl 
lead is lost, “we could have a 
world surplus of lead.” 

At present, supplies of lead are 
adequate to meet all foreseeable 
demands. As far as prices are con- 
cerned, so long as the Government 
continues to buy domestic lead for 
the stockpile and maintains its 
barter program, there will be no 
further changes for some time. 
Should the Government discon- 
tinue these activities, the chances 
are that prices will decrease. 


(Prices on p 190; more News on p 
196) 
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U. S. consumption of lead 
by end use from 1951 to 1956. 


WORLD SMELTER PRODUCTION 
OF LEAD (1000 short tons) 























Country 1946 | 1956" | 1957s 
Argentina 18 20 22 
Australia 154 263» 260 
Austria 5 ll 12 
Belgium 26 113 110 
Burma — 16 16 
Canada 166 148 156 
China — 19 19 
France 35 70 70 
French Morocco — 31 30 
Germany (East 

and West) 30 161 163 
Italy 16 43 45 
Japan 4 40 40 
Mexico 152 214 220 
Northern Rhodesia 9 17 18 
Peru 40 62 66 
Poland 12 24 24 
Rumania 4 12 12 
Spain 36 65 65 
Sweden 12 23 23 
Tunisia 8 27 27 
USSR 53 255 255 
United Kingdom 3 7 7 
United States 338 542 550 
Yugoslavia 36 83 83 
Others 8 35 35 

Total 1167 | 2301 | 2328 
aEstimated. 


bExcludes bullion exported, probably 3000 


tons. 


cBrazil, Bulgaria, 


Czechoslovakia, 


Greece, 


Guatemala, Hungary, India, Korea, Nether- 


lands, Portugal. 
Source: U. S. Bureau of 


Mines. 
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| AND SUPPLY 





NONMETALLICS 


Prices for large quantities for range 
of grades, color, sizes; given in $/lb 








RUBBER 

Material Dry Latex 
Butadiene-Acrylonitrile | .49-.65 44-54 
Butadiene-Styrene .17-.30 .26-.32 
Butyl . .23-.28 — 
Neoprene* .39-.75 37-47 
Silicones 1.90-4 — 
Polysulfides 47-1 .10-.92 
Natural .33> — 











aLess than carload quantities. 
bAverage spot price for month of Apr. 


GLASS FOR REINFORCED PLASTICS 





Fabric ($/yd, 38 in. wide)* 


112 Woven 48 

181 Long-shaft satin weave 03 

143 Unidirectional 1.00 
Roving® 

Continuous 40 

Continuous spun strand 36 

Continuous chopped spun 38 
Milled fibers (1/32-% in.)* A5 
Mat 

Chopped strand (2 in.)*»> 52-.72 

Surfacing ($/1000 sq ft)* 10-19 


Continuous chopped strand 
(%-2 in.) A0 


aPrice includes binder or finish. 
bPrice varies with binder. 
c0.010-0.020 in. thick 





THERMOSETTING PLASTICS 











Molding Laminating, 

Material Compounds | Casting Resins 
Alkyd 34-53 _ 
Epoxy he -45-.80 
Melamine 42-.45 40-.41 
Phenolic .20-.40 17-34 
Polyester 42 .32-.50 
Silicone 2.75-5.40 1.55-1.74* 
Urea .19-,33 ~ 








260% solids content. 


All prices are approximate and given 
solely for general guidance of those 
responsible for materials selection. 
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Prices Of MOTUS 


Changes since last month are bold faced 






































THERMOPLASTICS 
Molding | Sheet Rod Tube 
Material Compounds |(.030-.250in.) — ~ ~ 
| Y-% in, ¥y-1% in. Y%e-Y in. | % 1% in. 
Acrylic 51-.59 49-2.15 .90-1.15 .80-.90 1-1.15 90-1 
Cellulosic 
Acetate .36-.65 92-1.16 75-1 .65-.75 85-1 .75-.85 
Butyrate 50-.72 1-1.28 .95-1.20 .85-.95 1.05-1.20 .85-1.05 
Nitrate — 1.60-2.73 1.45-1.75 2.25-5.00 
Propionate 51-.63 — — 
Fluorocarbon | | 
PTFCE 7-8 15-23 18-22 14-20 20-22.50 16-20 
PTFE 4.50-7.45 | 1430-11 13 13 
Nylon 1.35-2.30 _ 3 3 
Polyethylene .37-.56 85-1 15-1 .65-.75 85-1 .75-.85 
Polystyrene .2]-.44 57-61 .65-.90 55-.65 .15-.90 .65-.75 
Vinyl .27-.43 .62-.92 75-1 .65-.75 85-1 .75-.85 




















NONFERROUS METALS 


Mill base prices for large quantities; given in $/lb except where indicated 





ALUMINUM 
Pig (99-99.9%) 25-.27 
Ingot (99-99.9% } .2]-.29 
Foil (5-0.5 mil) 55: .77 
Alloy Ingot (13, 43, A132, 214) .29-.32 
Sheet (1100, 3003; 3-.03 in.)* 40-45 
Plate (1100, 3003, 5050, 3004, 5052)= .40-.43 





aMill finish. 























BRASS 
Cart., | Low, Red, 
Form 10% 80% 85% 
Sheet, Strip 47 50 51 
Seamless Tubing 50 53 54 
Rod (not f.c.) 47 50 51 
Wire 48 51 52 
COPPER 
ingot (elec) 32 
Sheet, Strip (hot rolled) 54 
Seamless Tubing 54 
Rod, Drawn 51 
Rod, Free Cutting 60 
Wire 
Round 37 
Square, Rectangular Al 
Magnet 45 





ENGINEERING 



































LEAD 
Common Grade 15% 
MAGNESIUM 
Pig (98.8%) 36 
Ingot (98.8%) 37 
AZ91B Ingot (die casting) 3] 
AZ9I1C Ingot (sand casting) 4l* 
aDelivered price. 
NICKEL 

Form 7" -_ Monel 
Ingot * _ ies 
Rod _ 1.07 89 
Sheet, C.R _ 1.26 1.06 
Strip, C.R. _ 1.24 1.08 
Seamless Tube ~ 1.57 1.29 
aDelivered price. 

TIN 

Primary®* .98-.99 





aDelivered price. 


(continued on p 192) 














Carlson’s Weekly Stock Lists 
tell you what you want to know: 


@ the Type, Gauge, Width and Length of 
stainless steel plates in stock. 


@ the Type, Gauge and Size of stainless 
steel heads in stock. 


@ the sales representatives and warehouse dis- 
tributors in this country and Canada who are 
ready to serve you. 


OU can save time by checking these weekly stock 

lists. Here is an up-to-the-minute report on our 
large, diversified stock of stainless steel plates and 
heads that have been produced especially for 
chemical industry applications. 


Carlson plates in Types 304-L, 316-L and 317-L are 
more and more in demand. Substantial stocks of 
these extra-low-carbon grades, along with other 
chromium-nickel Types 302, 304, 309, 309-S, 310, 
316, 317, 321, 347 and 348 are available. Chromium 
grades 405, 410, 430 and 502-14% Mo are always in 
stock. Two precipitation-hardening grades, Types 
17-4 PH* and 17-7 PH*—new plate grades that 
combine ease of fabrication, hardenability, high 
strength and corrosion resistance—are now in pro- 
duction and limited stocks are carried. To complete 
the story, stainless steel heads in Types 304, 304-L, 








eep up to date... 


on Stainless Steel 


Plates and Heads 





316 and 316-L are also stocked and can be shipped 
in a few days. 


Make Carlson your one-stop source for that com- 
plete bill of material—stainless steel plates, heads, 
rings, circles, flanges, forgings, bars and sheets 
(No. I Finish). 


When you need stainless plate... 


Carlson gives you what you want when you want it! 
*Trade Mark of ARMCO STEEL CORPORATION 


G. O. CARLSON, INC, 
126 Marshalton Road 


Thorndale, Pennsylvania 


Write for your copies of Carlson’s Weekly Stock Lists... use this 
convenient coupon. 








G§O.GNRESOM Ze 
Stainkess Stech Excbusively 


THORNDALE + PENNSYLVANIA 


District Sales Offices in Principal Cities 
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For more information, turn to Reader Service card, circle No. 425 
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WHAT H&V INSULATING PAPERS 
CAN DO FOR PROTECTION & PERFORMANCE 














ste High Dielectric 
Flexible HH 



































Printed Circuits 


Good Drawing 


Reasons Why: 
1. Strong — these papers stand abuse 
2. High dielectric strength 
3. Good drawing characteristics (good cuffing properties without 
splitting) 
4. Strictly neutral PH — for maximum service at high temperatures 
5. Service that makes and keeps friends 


When you think of insulating materials — think of H&V Paper 


There are a lot of new things being done with paper. Perhaps you 
would like to see a few of them without obligation. Just write us on 
your company letterhead . . . we’ll take over from there. 


HOLLINGSWORTH & VOSE COMPANY 


EAST WALPOLE, MASSACHUSETTS 


Specialists in technical papers including .. . 
ELECTRICAL INSULATING « ABRASIVE BACKING « LIQUID 
AND AIR FILTER + SATURATING * ROPE AND JUTE TAG 
RED WALLET « WET STRENGTH SPECIALTIES « INDUSTRIAL 
CREPE « COATING BASE SPECIALTIES 



















For more information, turn to Reader Service card, circle No. 479 
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TITANIUM 
Sponge .99.3+-%) 2.50-2.75 
Bars, Rod 7.10-7.35 
Plate 9.25-11.25 
Sheet, Strip 11.40-12.10 
Wire 8.50-9.00 
ZINC 

Primary® 11-.12 

Die Casting Alloys” .16-.17 
Sheet 24 
Ribbon 22 
aPrime Western—Special High Grade. 


bAlloys 2, 3, 5. cDelivered price. 


METAL POWDERS 








Aluminum ®> 36 
Brass* 3] -.47 
Copper (elec or red.)* 46 
Columbium 120 
Molybdenum (98%) 3.80-4.10 
Tantalum 49 
Tungsten (C-red. 98.8% ; 

H.-red. 99+-%) 4-5e 
Zirconium 

Flash Grade 11.50 

Electronics Grade 15 
aPrice for 100 mesh cDelivered price 


bFreight allowed. 


OTHER NONFERROUS METALS 





Cadmium (bars) 1.70 
Gold $35/troy oz 
Indium (99.97+-% $2.25/troy 0z 
Manganese (99.9%) 348 
Palladium $23-24/troy 02 
Platinum $92-95/troy oz 
Silver 91¢/troy oz 
Tantalum (sheet, rod) 55-60 
Vanadium 3.45 
Zirconium (sheet, strip, bar) 27-35 





aDelivered price. 


IRONS AND STEELS 


Mill base prices for large quantities 


SEMIFINISHED STEEL ($/net ton) 





Ingots, Alloy 74 
Billets, Blooms, Slabs 
Carbon, Re-rolling 74 
Carbon, Forging 92 
Alloy, Forging 107 
Seamless Tube Rounds 112 
Wire Rods $5.85/cwt 





(continued on p 194) 
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BRAZED SUCCESSFULLY 
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This is Stero’s latest customized peg-belt type commercial dish- 
washing machine, with a capacity of up to 25,000 dishes per hour. 
It is a beautifully engineered, fully automatic unit that performs 
dependably and delivers hygienically clean results. 

The quality of engineering and construction in all Stero units 
is unsurpassed. All brazing of tubing and joints in this and other 
Stero models must achieve maximum strength and be permanently 
leakproof. This is a Stero standard that is being accomplished 
successfully with Silvaloy 45 and APW Deoxo Flux. 

Silvaloy Brazing Alloys and APW Fluxes are helping to speed These two complete reference 
production, lower costs and improve brazing results in many fields. manuals for low temperature sil- 
Call your nearest Silvaloy Distributor for information or technical Vee SeeenG eres Stee ere eves 


; able upon request. Send for either 
assistance. one or both. 








THE SILVALOY DISTRIBUTORS 


BURDETT OXYGEN COMPANY A.B.C. METALS CORPORATION EDGCOMB STEEL COMPANY STEEL SALES CORPORATION 
coun iP ape oe DENVER, COLORADO PHILADELPHIA, PA.» CHARLOTTE,N.C. CHICAGO, ILL. » MINNEAPOLIS, MINN, 

M . . 
NEW ORLEANS, LOUISIANA ' , MO. ' 
DGCOMB STEEL OF NEW ENGLAND, INC. Fort worTH, TEXAS + HOUSTON, TEXAS DETROIT, MICH. + ST. LOUIS, MO. 
MILFORD, CONNECTICUT PACIFIC METALS COMPANY LTD. MILWAUKEE, WIS. 

MAPES & SPROWL STEEL COMPANY 

ae en UNION, NEW JERSEY » NEW YORK City SAN FRANCISCO, CALIFORNIA 
EAGLE METALS COMPANY SALT LAKE CITY, UTAH LICENSED CANADIAN MANUFACTURER 
SEATTLE, WASH. « PORTLAND, ORE. NOTTINGHAM STEEL COMPANY LOS ANGELES, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. CLEVELAND, OHIO SAN DIEGO, CALIFORNIA TORONTO + MONTREAL 









LOW TEMPERATURE 
SILVER 
BRAZING ALLOYS 
AND FLUXES 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 








(ENGELHARD INDUSTRIES ) 





For more information, turn to Reader Service card, circle No. 444 
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NOW! 


Low-Cost Backing Material Cuts Upholstery and Backing Costs 


=. 








AllFab is a revolutionary fabric of cardable fibers like wool, rayon, cotton, dynel, 
nylon and dacron combined with a resin binder. 


This thermoplastic binder has two big advantages: (1) AllFab will hold and give 
dimension to any embossed pattern, and (2) it is possible to electronic ‘‘stitch’’ 
or heat seal, eliminating sewing. 


Result: A felt-like fabric with a tremendous range of fiber combinations, using 
selections of diameters, lengths and gravities to meet your own specifications. 


Find out about this brand new all-purpose, non-woven fabric NOW. Put its 
special properties to use as a low-cost filler and backing material. Call sales 
office nearest you, or send coupon below. 


Properties 


Can use almost any cardable fiber or combination « Vary resin content from 
15-45% « Thickness from 46" to 1”, specialties to 2” «+ Weight from 4 oz. to 
16 oz. and up « Width from 16” to 80” but 72” preferred + Color within mix 
limits, natural shades 


One of the new family of Felts... 


Heart Felt ” MiraFelt = Cut Felt Parts 
Filon d'Or ® AllFab® and Unisorb® 
MX-101 Dynel-Mat Machine Mounts 


Another Fabric First in... 





Manufacturers of Felt and Felt Products 








THE FELTERS COMPANY 
220 South Street, Boston 11, Mass. 


PP oss) See PS ST ale a ae ae 
rr | EO PPR Se eee a 
TELS 1s TUTE TE CET TN Cire + 5 45)5 Cas Uke eh AKO RARL Car Keb + 08:00 
Din knhétehd seieesuamedeedeen ake isssndensanccass 





For more information, turn to Reader Service card, circle No. 402 
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FINISHED STEEL ($/cwt) 
















































































| High Str | 
Form Carbon | Low Alloy} Alloy 
Plate 4.85 725 | 6.85 
Sheet, H.R. 4.67 6.90 _ 
Sheet, C.R. 5.75 8.52 — 
Strip, H.R. 4.67 6.95 7.75 
Strip, C.R. 6.85 10 14.55 
Bar, H.R. 5.07 7.42 6.12 
Bar, C.F. 6.85 —_ 8.32 
STAINLESS STEELS ($/Ib) 
Forging | H.R. Sheet, 
Material Billets | Bars | Plate>| Strip 
Austenitic 
301, 302, 
302B, 303, | | 
304, 305 .36-.40 | .41-.46 | .45-.49 | .50-.56 
321" 45 53 58 | 63 
347* 54 62 | .67 16 
Martensitic | 
410° 2] 33 34 39 
416 28 33 35 47 
403 31 a 39 47 
420, 440 33 40 44 60 
Ferritic 
405, 430, 
430F* 28-.29 | .33-.34 | .35-.36 | 39-.50 
442 32 38 40 | 54 
43] 36 43 AA 54 
446 38 45 46 67 
High Mn 
202" 39 41 43 47 
Extra Low C 
304L 4] 54 56 61 
316L 64 14 18 82 
Precip Hard. 
17-7PH A 65 12 | .77-.82 
aIngot prices approx 60% of forging billet 
price. 
METAL POWDERS ($/Ib)* 
Sponge Iron .09-.10 
Electrolytic Iron 
Annealed (99.5%) 37 
Unannealed (99+ %) 34 
Stainless Steel 
304 1.05 
316 1.44 
aPrice for —100 mesh. 
IRON ($/gross ton) 
Pig 64.50-65.50 





(continued on p 196) 











simplify product designing... 
send parts cost down! 


Whether you’re planning a new prod- 
uct... or redesigning an older one 
it will pay you to consider the 
many economy and design features of 
Ritco “Bright Finish” Forgings. 


THEY’RE STRONGER! The dense, 
fibrous structure and controlled grain 
flow of Ritco Forgings provide maxi- 
mum strength and toughness at points 
of greatest shock and stress ... improve 
impact resistance and fatigue strength 
in parts. 


. - » CLEANER! Ritco Forgings are 
free of flash, voids and blow holes... 
smoothed to a bright flawless finish. 


. » « MORE ECONOMICAL! Because 
they are held to extremely close toler- 
ances, Ritco Forgings require mini- 
mum machining save hours of 
time and labor .. . keep your produc- 
tion costs down. Depending on design 
requirements, Ritco Forgings can be 
produced in weights from 14 to 15 
lbs. in a wide range of metals and 
alloys. 








| Forge ahead with Ritco . . . send 
blueprints for estimates now! 










We also offer complete machining facilities 
and make Special Fasteners and Upsets. 
Send us your requirements! 











Exclusive New Engicad representative 
for Cleveland Cap Screw Company. 


) RHODE ISLAND TOOL CO. 


154 WEST RIVER STREET + PROVIDENCE 1, R. I. 


For more information, turn to Reader Service card, circle No. 367 
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MOLDED SEAL RING 


(ACTUAL SIZE) 


LUBRICATION 
A PROBLEM?... 


why not try P: rebon 





CARBCN-GRAPHITE ESPECIALLY DESIGNED FOR MECHANICAL APPLICATIONS 


Where lubrication is a problem on bear- 
ings, seals, blades and similar sliding 
or rotating parts, Purebon is often the 
ideal solution. 


PROPERTIES OF PUREBON 


1. Moldable to size. 
2. Readily machineable. 
3. Chemically inert. 


4. Dimensionally stable 
5. Light weight. 


6. Low cost where mold, 
able to size. 


For complete 













information 

about PUREBON 
write for new 
Bulletin No. 55, or 
see Sweet’s Product 
Design File. 





PURE CARBON CO., INC. 


441 HALL AVENUE ST. MARYS, PENNSYLVANIA 








For more information, turn to Reader Service card, circle No. 368 
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Oil well drill bit, carbide-surfaced by 
ASC, outlasts 5 untreated bits . . . cuts 
downtime 50% for oil exploration 
company. 





The original stainless steel crimping 
roller showed definite signs of wear 
after processing 1 to 144 million food 
cans. Identical rollers, ASC treated, pro- 
cessed 28 million food cans ... show- 
ing no appreciable wear. 





An ASC treated gear pump component 
outlasts 6 untreated units. In addition, 
its corrosion and heat resistance pre- 
vents contamination of the plastic ma- 
terial being processed. 





Drive and spur gears, after ASC Metal 
Diffusion Treatment, have 3 to 4 times 
the wear resistance of untreated gears. 








Atom Exchange 


Creates Carbide Wear Surface 
On Steel Parts 


Iron, steel and ferrous-base products which 
have to take the punishment of severe wear 
can now be given a treatment which vastly in- 
creases their resistance to wear and abrasion. 


The new ASC Metal Diffusion Process pro- 
duces a chromium-carbide surface on steel 
parts — medium and high carbon, regular, 
alloy or stainless. 


The surface hardness, RC70-72, provides at 
least three times normal wear under the most 
difficult operating conditions . . . 10 to 30 
times normal wear for many applications. 


Even stainless steel can be vastly improved 
wearwise. 


By atom exchange ASC Metal Diffusion 
Process produces a chromium surface which 
is an integral part of the parent metal. In 
addition to providing wear and abrasion re- 
sistance, this surface affords corrosion and 
heat resistance equal to 430 Stainless Steel. 


Further information about this revolutionary 
process is yours for the asking. Write for addi- 
tional data, consultation, or product demon- 
stration. 


ALLOY 
SURFACES 
COMPANY 


103 South Justison Street, Wilmington 1, Delaware 


For more information, turn to Reader Service card, circle No. 375 
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PRICES FDIS aR 


TIN PLATE ($/base box) 





Hot Dip (1.25-1.50 Ib) 10.05-10.30 
Electrolytic (0.25-0.75 Ib) 8.75-9.40 
Black Plate 7.85-7.95 











FINISHES AND COATINGS 
ORGANIC COATINGS 























Avg | 
Thk | Mils | Cost, 
Material per | Re- | ¢/sq 
Coat, \quired*| ft/dry 
| mil | mil® 
VARNISHES, ENAMELS | 
Short Oil Phenolic | 
Varnish 1.0 1.0 1.50 
Enamel 1.2 1.0 1.75 
100% Phenolic 1.0 
Straight Oil-Modified 
Alkyd 15 1.5 1.50 
Alkyd-Amine (90-10) 1.5 1.5 1.75 
Alkyd-Phenolic (50-50) | 1.5 1.5 1.75 
Alkyd-Vinyl (50-50) 1.0 2.0 2.0 
Alkyd -Styrene (70-30) 1.2 1.5 1.75 
Epoxy 1.8 18 | 2.00 
Silicone 9-1.0 | .5-1.0] 6.0 
Furane 2.0 2.0 1.0 
Neoprene 5.0 | 5.0 | 1.50 
DISPERSION COATINGS 
Phenolic | 1.0 15 1.75 
Vinyl 1.0 2.0 } 2.50 
Fluorocarbon 1.0 1.0 | 15.0 
LACQUERS | 
Nitrocellulose 1.0 2.0 | 2.50 
Vinyl 1.0 2.0 | 2.50 
Acrylic 1.0 2.0 2.15 
aThickness over phosphate coating required 
for exterior durability on steel. For purely 
decorative coating, 1 mil will usually suffice. 


bMaterials cost only. Realistic price compar- 
ison can be made only on basis of dry applied 
coating, not on basis of cost per gallon. 





Stainless Use in Autos 
Continually Increasing 


Results of a nationwide survey 
of automobile owners reveal that 
consumers are willing to pay a 
premium for stainless steel trim. 

Endorsement of stainless steel 
as superior to all other materials 
being used for trim came _ in 
answer to the question: “What 


For more information, Circle No. 482 > 
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“Harvey is our prime 


source for light and “Material from Harvey gives 
“As a purchasing man... heavy press extrusions us all the inherent advantages 
[ know that the best and forgings. From made possible by the latest 
measure of a supplier is management’s viewpoint, production equipment, 
. dependabi uty. These we can always rely on complete laboratory and test 
impact extrusions are a Harvey’s traditional facilities, and exacting quality 
good example of high quality and service.”’ control. That’s why design 


Harvey’s dependable ; : 
: i engineers like myself count 


heavily on Harvey’s 
technical assistance.” 


>? 


performance. 





' for all of 
our. aluminum 


4— MOST OF ALUMINUM... FOR EVERYONE 
RVEY ALUMINUM SALES INC., TORRANCE, CALIF. 





Harvey is a leading independent producer of quality aluminum products in all alloys and sizes: 
Rod and bar, pipe, tube, hollow sections, press forgings, forging stock, impact extrusions, 
structurals, special shapes, extrusions, screw machine products and other aluminum products. 
Harvey is also producing similar items in titanium and steel. 





itm hn Ri got 


Process observation, alloy additions, pouring, temperature 
and pressure readings, high frequency control, valve se- 
quencing —all focus around one center of operation. 


Small but versatile 


a high-vacuum furnace 
for lab and pilot plant 


CEC’s 5 to 50 pound melting and 
casting furnace offers: 


Three-way casting: Melts of 5, 12, 
17, 30, or 50 pounds can be cast in 
single or multiple molds—or centrif- 
ugally. 


Ease of materials handling: All 
parts of the furnace interior are with- 
in arm’s reach. The oblique angle 
flange connecting the chamber sec- 
tions provides unusual vertical clear- 
ance for removing molds directly 
with a crane. A deep mold well pro- 
vides 33” under the crucible lip for 
pouring bar-type ingots. 


Complete controls: A manual bridge- 
breaker assembly is combined with 
a water-cooled, nonfogging sight 
tube for optical pyrometry. A sam- 
pling device and a thermocouple 
assembly are standard accessories. 
Interlocking of the pneumatic vac- 
uum line valves makes for safe and 
6 cycling. 

e mold well is water-cooled. 
Electric feedthroughs are provided 
for mold heating. 


Ample pumping: A 2-stage diffu- 
sion-ejector pump brings the system 
swiftly to the low micron Hg pres- 
sure range, with plenty of reserve 
capacity for pressure surges from 
alloy additions, deoxidation, and 
pouring. 

Write for illustrated bulletin No. 
4-30 that lists complete specifica- 
tions, accessories, and design features 
of this remarkably versatile furnace. 


Open furnace shows crucible and coil as- 
sembly. Mold chamber has deep well and 
(optional) indexed table for multiple molds. 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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USE OF STAINLESS STEEL 
ON A TYPICAL 1957 CAR: 





Number 
Parts y of Pieces , Weight, Ib 





Body Moldings 19 6.5248 
Headlamps......... 2 0.2766 
Window Moldings. 11.7160 
Windshield Wipers. 0.2318 
Wheel Covers 5.4112 
Ornaments. . . 1.1600 
Carburetor 0.0173 
Locks and Switches. 0.0550 
Exhaust Valves... . 1.6144 
0.0042 
0.0806 
1.2069 


co) 


PhO 


No Of coo uwre > 


— 


Controls........ 
Miscellaneous 


> 





Totals > 28.2988 


aMedium priced. 





one material, in your opinion, is 
best for auto trim?” Stainless 
steel was named by 57% of all 
those interviewed. To the question 
“Would you pay a premium price 
to have all trim on your next car 
made of the material named best?” 
40.1% answered yes. 
Commenting on these results, 
Richard E. Paret, of the Commit- 
tee of Stainless Steel Producers, 
said, “This survey has confirmed 
our belief that the average car 
owner prefers stainless steel for 
bright work. It also shows that 
an overwhelming majority of car 
owners prefer to see the amount 
of bright work on cars remain at 
least the same or even increase.” 
Whether or not the results of 
this survey have influenced pro- 
ducers is difficult to determine. 
Nevertheless, according to the 
Committee of Stainless Steel Pro- 
ducers, American Iron and Steel 
Institute, automotive producers 
have increased the use of stain- 
less steel on 1957 models by 20% 
or more. Among the “low price 
three,” an average of 24.3 lb of 
stainless is used, as compared to 
20.0 lb last year. In the higher 
priced cars, the amount of stain- 
less steel used has increased by as 
much as 75 lb per car. On a typi- 
cal 1957 car the number of stain- 
less steel parts may total 100 or 
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Table Lighter Cup — Spindle and cup are 
“painted” with a rich mixture of 180-mesh 
Easy-FLo 45 and HaNnpy FLwux in paste form. 
They are placed on revolving table which 
passes them under four gas-air burners in a 
15-second heating cycle. The closing-spring 
latch is joined to the top of this lighter by 
torch brazing with Easy-FLo 45 Rod. 











Pocket Lighter Top Assembly —This consists 
of the lighter top, wick housing, flint housing 
and cover spring housing, and requires three 
brazed joints. Parts are first assembled and 
dipped in HANDy FLux. Next, operators place 
a single wire preform (Easy-FLo 45) which 
covers all three joints. Brazing is automatic as 
table carries assemblies under burners. 


PERMANENT PROFIT 

















How RONSON, Makes 





Cigarette Lighters 
by the Hundred Thousand 


Here is a real “example in volume” of the advantages of 
Handy & Harman silver alloy brazing. Ronson Corpor- 
ation, manufacturer of the world’s best known lines of 
pocket and table lighters, meets its high-production join- 
ing requirements with simplicity, sureness and economy. 


Everything Ronson requires —life-of-the-lighter strength, 
leak-tight joints and fast, easy assembly — is provided by 
silver brazing with Easy-FLo 45 and HANpDy FLUx. Join- 
ing thousands of assemblies a day, for both table and 
pocket model lighters, is economical. The cost per joint 


with 
EASY-FLO 45 Brazing 






TAKE A LOOK 


...2t Bulletin 20. This concise | 
introduction to silver alloy braz- \ 
ing talks about joining methods, | 





as well as joint design and econo- — \ 

mies that can be enjoyed with we \ 

Easy-FLo brazing. We’ll send you SS 
a copy whenever you request it. oo 


is reckoned in mills. 


This is an example that tells the silver brazing story all by 
itself—speed, strength, economy, low labor costs—all help 
make a product that everyone knows and millions use. 
That’s how Handy & Harman alloys help make Ronson a 
name to depend on. How about your product? Could it 
use this remarkable joining method? Find out for your- 


self. Call Handy & Harman today. 


For more information, turn to Reader Service card, circle No. 449 
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Your NO. AMM Source of Supply and Authority on Brazing Alloys crest nas 
HANDY & HARMAN 


General @ffices: 82 Fulton $t., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


BRIDGEPORT, COree 
PROVIDENCE RE 
CwiCaco, WL 
CLEVELAND, OMIO 
OETROIT, mICH 

10S ANGELES Cause 
OAKLAND, Catt 
TORONTO, CANADA 
MONTREAL CAMADS 


PRICES BIN 




































c ... surface finish is superior 


larly those with intricate design. 
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a a significant broadening of 
Duraloy High Alloy Casting:Service... 





We are now in position to accept and process substantial orders for 
shell-molded castings in the Chrome Iron, Chrome Nickel class. 


Shell-molded castings provide several values over conventional castings: 
a... dimensions are exceptionally accurate 
b ... thinner walls are practicable 


Shell-molding is ideal for mass or repetitive production of parts particu- 


With our conventional static and centrifugal casting service now 
broadened by our shell-molded casting service, we are in a better 
position than ever to serve industry 
in connection with its high alloy 
casting requirements. May we quote 
on your casting requirements that 
call for shell-molding? 


URALOY 


OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 
ATLANTA OFFICE: 
CHICAGO OFFICE: 
DETROIT OFFICE: 


12 East 41st Street, New York 17, N. Y. 
76—4th Street, N.W. 
332 South Michigan Avenue 


23906 Woodward Avenue, Pleasant Ridge, Mich. 


For more information, turn to Reader Service card, circle No. 471 


200 ¢ MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 











more (sce accompanying chart 
The automotive industry is 
presen.ly the largest consumer of 
stainless steel (see MATERIALS & 
METHODS, June ’57, p 240). Last 
year it used over 100,000 tons, and 
in 1957 it should require consider 
ably more. However, one question 
remains to be answered: The 
automobile consumers sampled in 
the survey indicated that they 
would be willing to pay more for 
cars with stainless steel trim and 
auto producers have used more 
stainless trim. Only time will tell 
whether consumers will actually 
be willing to pay the premium. 


What’s Happening 
in Prices and Supply 


Melamine & urea—Barrett Div., 
Allied Chemical & Dye Corp., will 
double melamine and urea mold- 
ing compound production at its 
Toledo facilities. Scheduled for 
completion by mid-1959, the ex 
pansion will make the Toledo 
facilities the largest thermosetting 
resins plant in the country. 

Steel—The American steel in- 
dustry, which has added over 41 
million tons to its production 
capacity since World War II, will 
need to add another 50 million 
tons in the next 18 years, accord- 
ing to Roger M. Blough, chairman 
of the board, U. S. Steel Corp. 
Between now and 1975, Mr. Blough 
says, U. S. Steel Corp. will have 
to increase. its capacity by 1 mil- 
lion tons each year. 

Zinc—The price of slab zinc has 
been cut to 12¢ per lb. This is the 
first change in slab zinc price 
since January, 1956, when the 
previous 13144¢ per lb price was 
established. Prices of zinc-base 
die casting alloy ingots have also 
been reduced 14%4¢ a lb, making 
the price for the No. 3 alloy 16¢, 
No. 5 alloy 1614¢, and No. 2 alloy 
17¢ per lb. Reasons for the cuts 
are believed to be: 1) the recent 
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CONTOUR ROLLING 





Close Tolerances 
That Require No Finishing 
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- MAKEPEACE unique contour rolling process produces shapes held to tolerances 
: as close as + .001 of an inch. 
1 Intricate angles of radii can be rolled into rod, wire, tubing and sheet. 
- MAKEPEACE unique contour rolling produces formed stock with excellent physi- 
I cals and a fine finish that does not require a final finishing operation. 
n ; , 
- Send for the MAKEPEACE mill products booklet. It contains much information 
“ of value covering a wide range of Form Rolled Stock. 
D. 
h 
e 
l- 
is 
le 
a FORM ROLLED STOCK 
1e 
iS D. E. MAKEPEACE COMPANY 
- Division of Union Plate and Wire Co, 
30 
4 ATTLEBORO, MASS. 
¢, (ENGCELHARD INOUSTRIES ) 
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SYNTHETIC 


Gegeser ae 


can save you money in 
STATIC or MOVING 





eeeelhis seal will save you 

a money with no perform- 

ance sacrifice. Minimum 

tooling cost, no molds, no 

costly delays. Can be made 
up to 25” |.D. 








MOLDED LATHE-CUT 
O-RING SEAL SEAL 


Acadia Synthetic Rubber Parts are the highest 
quality components, processed for oil resistance, 
good aging properties, resistance to heat. They 
can be furnished in any dimension or special 
compound you desire to precision tolerances. 
They are another example of Acadia’s ability to 
SAVE YOU MORE ..SERVE YOU BETTER. 


There’s an Acadia Sales engineer near you to 
serve you. Write us today, and we'll put him 
in touch with you immediately. 





ACADIA ° 


F >RoDuCTs 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 


LOOK 
in . . te? 
‘Yell . ,|| in Principal Cities 
ver | 


Branch Offices 





MANUFACTURERS AND CUTTERS OF WOOL FELT 
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RUBBER SEALS \ 


seal applications / 








s AND SUPPLY 


suspension of the zinc bartering 
program by the Dept. of Agri- 
culture, followed by uncertainty 
as to just when barter deals might 
be resumed and 2) recent warn 
ings, by both the Assistant Secre- 
tary of the Dept. of Interior and 
Gordon Gray, of the Office of 
Defense Mobilization, to the effect 
that stockpiling of domestic origin 
zinc will be continued only ‘a 
while” longer. 

Germanium — Reductions of 
about 10% in the prices of pure 
germanium metal and germanium 
dioxide were effected recently by 
Sylvania Electric Products, Inc. 
The new price for purified poly- 
crystalline germanium metal is 
$435 per kg, a reduction of $50. 
Germanium dioxide has been re- 
duced $25, from $275 to $250 per 
kg. Pure germanium is used in 
the manufacture of transistors, 
diodes, rectifiers and optical de- 
vices. Germanium dioxide is used 
in special phosphors and electronic 
applications. 

Rubber—By 1965, more than 
half of the world’s rubber needs 
will be filled by synthetic rubber, 
according to W. S. Richardson, 
president, B. F. Goodrich Co. 

Mr. Richardson predicts that 
total rubber consumption will ex- 
pand by approximately 5% per 
year for the next decade, but pro- 
duction of natural rubber cannot 
be increased by more than 214% 
annually. As a result, synthetic 
rubber output must be stepped up 
to meet rising demands, 

In 1956, synthetic rubber ac- 
counted for 38% of world rubber 
consumption. 

Lead—tThe first change in the 
price of lead in 16 months was 
made by practically every custom 
smelter recently. The drop in 
price amounts to %4¢ per lb, mak- 
ing the new price 15%4¢ per Ib. 

Epoxies—Shell Chemical Corp. 
has reduced the price of its Epon 
562 epoxy resin from $1.55 to 
$1.15 per lb. The resin is used 
in casting and laminating. 


For more information, Circle No. 526 ¥ 
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Displays at Show offered engineers the opportunity to examine new materials (top). Winning entries in this maga- 
zine’s recent Awards Competition were shown in our booth (bottom). 


Design Show, Conference Attract Large Crowd 


@ More than 18,000 engineers, de- in the latter part of May. end products. Many booths fea- 
signers and executives visited Exhibits at the show includedtured actual demonstrations of 
over 350 exhibits at the second an inestimable number of mate-the operation of equipment and 
annual Design Engineering Show rials, finishes, parts and compo-use of materials in product design. 
held at the New York Coliseum nents that go into the making ofHundreds of new products, some 
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Immediate delivery from 150,000,000 
standard items in Stainless, Monel, 
Aluminum, Brass, Bronze, Copper! 


Thousands of Harper corrosion-resistant fasten- 
ings are in Harper Distributor stocks across the 
country! Even more thousands are continually 
on hand at The H. M. Harper Company for your 
convenience! A phone call to your Harper Dis- 
tributor will do the trick! Why shop? Why wait? 
For immediate delivery, specialized service—call 
your Harper Distributor now! 


THE H. M. HARPER COMPANY 


820! LEHIGH AVENUE « MORTON GROVE, ILLINOIS 
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HARPER 








SHEAR 








YIELD 





irrefutable proof of Harper's greater metals’ strength shown by laboratory test! 


An important point in buying fastenings 
is strength. Independent laboratory 
tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


*By R. W. Hunt Laboratories 














The Harper infinity symbol, as 
shown above. and the name FLO-FORM 
are registered trade marks of 

The H. M. Harper Company. 














still in the experimental stag: 
were shown to give designer 
ideas they could incorporate int 
models still in the planning stage 

The Design Engineering Con 
ference, sponsored by the Machin« 
Design Div. of the American So- 
ciety of Mechanical Engineers and 
held in conjunction with the De- 
sign Show, covered the use and 
development of new materials, 
new uses for old materials, new 
processes to improve materials, 
and design factors involved in the 
production and use of components 
and equipment. Over 1700 people 
registered for the Conference. 

The four principal speakers at 
the materials sessions were: 
Charles R. Simcoe, metallurgical 
engineer, Battelle Memorial Insti- 
tute; John H. Koenig, director 
and professor, School of Ceramics, 
Rutgers University; Wyman Goss, 
manager, Phenolics Engineering, 
General Electric Co.; and H. J. 
Reindl, supervisor, Research and 
Development — Finishes Section, 
Inland Mfg. Div., General Motors 
Corp. 

The papers 

Mr. Simcoe discussed technolog- 
ical advances being made in the 
use of titanium, zirconium, molyb- 
denum, precipitation - hardened 
stainless steel, new alloys of alu- 
minum and magnesium, nodular 
iron, etc. He covered such new 
metals as the titanium-6 alumi- 
num-4% vanadium alloy. 

John H. Koenig pointed out 
many recent developments in the 
field of glass, including new proc- 
esses and treatments, new types 
and uses for glass (devitrified 
glass), centrifugal casting, con- 
ducting and reflecting coatings, 
fused seals, and electrolumines- 
cence. He also discussed new de- 
velopments in cermets, ceramics 
and high temperature refractories. 

Wyman Goss summarized “the 
complexity of plastics products 
available to the designer today.” 
He covered many of the design 
factors involved in specifying 


€ For more information, circle No. 527 
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iost of the plastics materials 

resently being used. 

H. J. Reindl described the major 

ictors determining the selection 

specific finishes for specific 
.pplications. He described in de- 
tail the three general categories 
of finishes: organic coatings, me- 
tallic coatings and conversion 
coatings. 

In general, both the Show and 
Conference were extremely suc- 
cessful in terms of number of 
people attending and information 
available. The Third Annual De- 
sign Engineering Show and Con- 
ference has been scheduled for 
April, 1958, in Chicago. 


investment Casting Data 
Published by Institute 


The first industry-wide engi- 
neering and design manual on the 
investment casting process has 
recently been issued by the Invest- 
ment Casting Institute. The sig- 
nificance of the publication, aside 
from the fact that it represents 
industry-wide agreement on the 
specification of dimensional toler- 
ances, is that it demonstrates the 
value that can be derived from 
technical or trade organizations. 
The institute spent two years 
working out the information pre- 
sented in the manual. 

The design information in the 
manual covers surface finish and 
dimensional tolerances. Described 
under dimensional tolerances are 
the following: general tolerances, 
radii, straightness, flatness, con- 
centricity, roundness, angle, 
length, parallel sections, blind and 
throughgoing cores, threads and 
airfoil contours. 

In addition to the design sec- 
tion, the manual contains com- 
plete metal specifications and test 
bar standards for all standard in- 
vestment casting alloys. Other 
sections of the manual cover the 
history and description of the in- 
vestment casting process, includ- 
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HARPER 


CORROSION-RESISTANT 
FASTENINGS = 


SPECIAL PARTS? Harper's exclusive Flo-Form 
Process solves these problems at big savings! 


There's no part too tiny, too large, or too complex for 
Harper Flo-Form! This remarkable process could only 
be developed by Harper, with its wealth of thirty- 
three years’ experience in corrosion-resistant fastenings. 
Where others mill from: bar—Harper Flo-Form pro- 
duces by cold or hot forging under tremendous pres- 
sures. The results?—a better product, faster, at lower 
cost! Place your “special problem” in the hands of the 
Harper Flo-Form team of design engineers, metallur- 
gists, and tooling specialists. Write Harper, or call your 
nearby Harper Branch for Harper Application Engi- 
neering Service. Your problem is ovr problem. 


THE H. M. HARPER COMPANY 


820! LEHIGH AVE., MORTON GROVE, ILLINOIS 


Meet GORDON GOODWIN, 
Harper Application Engineer 


If you're in the Cleveland area, you have 
perhaps discussed special fastening problems 
with Mr. Goodwin. Gordon is another mem- 
ber of the Flo-Form Team which offers Harper 
Application Engineering Service. His wealth 
of experience and knowledge of fastenings 
is invaluable to Harper users. 
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MANUFACTURED BY MAKERS OF WILSON ‘‘ROCKWELL’’— 
“THE WORLD'S STANDARD OF HARDNESS TESTING ACCURACY” 


WILSON “‘TUKON” 


MICRO-HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


Unexcelled for testing 
fine precision parts 


WILSON “‘TUKON”’ Micro-Hardness 
Testers are invaluable for proper testing 
of fine wire, thin metal, shallow super- 
. ficially-hardened surfaces, small compo- 
nents, surface coatings, jewels, plastics, 
glass, etc. Operate with both Knoop and 
136° Diamond Pyramid Indentors. Expe- 
rienced WILSON engineers will help select 

the specific model required. 





230-E Park Avenue, New York 17, N. Y. 














CALIF., Hollywood 28—tLlioyd J. 
Bohan, 1680 WN. Vine St., Phone 
HO. 7-8367. 


IND., Indianapolis 1— William 
McAtee, N. ‘aed St., 
Phone Irvington 1483 


MASS., Brookline 46—Harry ~ 
Dixon, Metallurgical Products Co 
| ea St., Phone Longwood 


RETORTS BASKETS 





4813 W. CORTLAND ST.. 


MICH., Detroit 


Rd., Phone Broadway 3-8500 


MINN., St. Paul 4—A. A. Gustaf- 
son, 2580 University Ave., Phone 
Midway 4-7630- 
- Y. City 1—R. 
West 3ilst St., 
5-5296. 
N. Y. 
fieow 29686 
OHIO, var 2—Charles Plant, 


Jr., Alloy Sales and Service, 8905 
Lake Ave., Phone Melrose 1-1018. 


TRAYS 


B. Steele, 254 
Phone Longacre 


use 2—J. R. Stewart, 
ty Bidg., Phone Har- 


21—Cari iH. 
Schmidt Co., 16405 W. 8 Mile 





CHICAGO 37, 





Write for Booklet 
DH-328 for com- 
plete information of 
WILSON ‘“‘TUKON’’ 
Micro and Macro 


PA., Pittsburgh 24—Joseph 8B. 
Abel, 5213 Celia Place, Phone 
Museum 2-1817. 
TENN., Memphis 
‘- 1101 Poplar Ave., 












7—Enugene S. 
Phone 


TEXAS, Dallas—M. K. Griggs 
Co., Inc., 322 W. Jefferson, Room 
303, Phone WH 1-4994. 

TEXAS, Houston 4—M. K. Griggs 
Co., Ine., 2801 San Jacinto, Phone 
CApito!l 8-2261. 

WISC., Milwaukee 2—Robt. M. 
Onan, Colby-Abbott Bidg., 759 N. 
Milwaukee St., Phone Broadway 
2-5285. 


CARBURIZTING FIXTURES 
BOxEs 








ILLINOIS 
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and frozen mer- 
cury types; the objectives of the 
Investment Casting Institute; and 
a large number of case histories 
showing types and parts suitable 
for investment casting. 

The “Investment Casting Engi- 
neering and Design Manual’ is 
available from the Investment 
Casting Institute, 27 East Monroe 
St., Chicago 3, at $5.00 per copy. 


ing the lost wax 


Gamma Radiation 
Runs Titanium Furnace 


Atomic radiation, in the form 
of highly energetic gamma rays 
from radioactive cobalt, has been 
put to a new and important use 
by Westinghouse Research Lab- 
oratories. 

The gamma rays, according to 
Dr. Daniel Alpert, associate direc- 
tor, are being employed to detect 
and control the level of molten 
titanium in a new “cold hearth” 
are furnace designed to prepare 
the purified titanium metal. 

To carry out their new assign- 
ment the penetrating gamma rays 
pass through as much as 15 in. of 
solid metal. “‘The successful oper- 
ation of this new titanium fur- 
nace,’ Dr. Alpert says, “demands 
exact control of the molten sur- 
face of the titanium ingot inside 
it. Such control must be foolproof, 
precise and fast working — yet 
must be accomplished under ex- 
tremely difficult conditions. For 
example, the temperature of the 
white-hot liquid titanium is more 
than 3000 F.” 

By beaming the gamma rays 
through the walls of the furnace 
and the 12-in. titanium ingot in- 
side it, engineers are able to “see” 
the actual level of the titanium. 
This information is used auto- 
matically to raise or lower the 
ingot to its correct operating level, 
thereby insuring proper operation 
of the furnace. 

The source of gamma rays, a 
small needle of cobalt 60, is placed 
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Now...it’s easy to«rémove even 






...with Oakite’s NEW 


STRIPPER S.A. 





Did you think epoxy finishes next to “impos- 
sible” to remove? It was a tough job. That 
was before Oakite developed Stripper S. A. 


Here’s what it has been doing: 


1 A 3/16” thick coating built up from layers 
of epoxy coating and wrappings of fiber 
glass was stripped from gun barrels by 
Stripper S.A. by overnight soak. Everything 
tried previously had failed. 


2 Brass plated steel parts were stripped of 


their epoxy finish in a matter of minutes. 


3 Workholding spindles and racks laden with 
at least 10 coats were bared to metal by a 


short soak. Paint hooks formerly burned 


clean are now soaked clean instead. 
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Oakite Stripper S.A. is safe for all metal 
surfaces except zinc and magnesium. This 
stripper needs no heat, has no flashpoint, 


rinses with water. 


If you have an epoxy or other application 
that has defied stripping, you have a job for 
Oakite Stripper S. A. It’s the latest in Oakite’s 
broad line of paint strippers for every re- 
quirement. Write for details. Oakite Products, 
Inc., 32H Rector Street, New York 6, N. Y. 


LIZED INDUSTRIAL CLEA 
recA N No 


OAKITE. 
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Export Division Cable Address: Oakite ——— 


Technical Service Representatives in Principal Cities of U. S. and Canada 
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Are your castings 
suffering from 


x (Corrosion- 
: Resistant 


Problems) 





Tne selection of precisely the right alloy for your 
- corrosion-resistant castings may often be a 
very exacting problem. (For short, we call it CRP.) 
Or even procuring perfect, pit-free corrosion- 
resistant castings consistently in a production 
run may have given you trouble. 


Those are two cases where it may profit you handsomely to turn 
to WAUKESHA for solutions. WAUKESHA has one of the 
finest metallurgical tesearch and control laboratories in the coun- 
try (probably the finest devoted entirely to corrosion-resistant 
alloys) . : 











WAUKESHA offers you a remarkably wide choice of alloys. 
A number of these have been patented because no other formu- 
lations provide certain unique and critical performance char- 
acteristics. 
_ WAUKESHA’s plant facilities are large — one of the nation’s 
_ largest. And an extensive addition is almost ready now. So 
WAUKESHA is able to meet your production schedules. 


Two questions: Have you a “CRP” which our 
metallurgist can help you solve? A letter will bring 
immediate attention. 


Or would you like to check and investigate a cast- 
ing made to your specifications? Just send your 
pattern along. 


WAUKESHA FOUNDRY COMPANY 


5704 Lincoln Ave. Waukesha, Wisconsin 
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Pg o® INDUSTRY 


outside the furnace and in lin 
with the top surface of the ingot 
The “hot” cobalt 60 is kept inside 
a shielded lead box having walls 
about 4 in. thick. If the ingot 
inside the furnace is too high, it 
partly blocks the beam of gamma 
rays, reducing the amount of 
radiation getting through the 
furnace. If the ingot is too low, 
the beam is interrupted less and 
the amount of radiation through 
the furnace is greater. These 
changes in the amount of gamma 
radiation are used to detect and 
correct the level of the ingot. 

The gamma _ rays _ passing 
through the furnace are detected 
by means of two scintillation 
counters. Each counter contains 
a crystal that changes the gamma 
rays into flashes of light. The 
counter then converts the light 
flashes into electrical pulses and 
amplifies them. These amplified 
pulses are fed to electronic cir- 
cuits that are designed to drive a 
hydraulic system that raises or 
lowers the titanium ingot to the 
exact position required for proper 
operation of the arc furnace 

The system is so precise that it 
can detect and maintain the level 
of the titanium ingot to within 
0.01 in. of its ideal operating posi- 
tion. If for any reason the ingot 
moves beyond its_ prescribed 
limits, the gamma ray control 
shuts down the furnace. 

Although designed expressly for 
the titanium furnace, the gamma 
ray control could be used on other 
types of furnaces. 


Standards for Abrasives 
Object of New Group 


A group of men interested in 
many different facets of the abra- 
sive field have formed a new na- 
tionwide technical and study or- 
ganization named the American 
Society for Abrasives. 

Function of the society will be 
to hold meetings for technical dis- 
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A \. \IO-YEAR HEAT: RESISTANCE TEST 


Shows Westinghouse Varnished Glass 
Cloth and Glass Tape Is a “True” 
Class “B” Insulating Material ! 


What do you demand of a true Class “‘B”’ 
insulating material? 


That it provide good heat, abrasion and 
solvent resistance, plus high dielectric 
strength at 130°, of course. But for how 
long? Five minutes? Five months? Five years? 


Westinghouse Varnished Glass Cloth and 
Tape TT-9281 has shown the equivalent of 
ten years heat resistance at Class ‘‘B”’ 
temperatures!* 


Furthermore, this amazing resistance is 
achieved without the sacrifice of other 
properties. The continuous filament glass 
fabric, coated with quality heat resistant 
resins, also provides excellent flexibility, 
oil resistance, tensile strength and handling 
characteristics. 


That’s why Westinghouse Varnished 
Glass Cloth and Tape TT-9281 is called a 
‘true’ Class “‘B”’ insulating material. 


Thesame quality is built into the complete 
Leadership Line of Westinghouse flexible 
tapes, organic resins and varnishes for 
virtually every insulating specification. 
Whatever your insulating problem, why not 
call your Westinghouse sales engineer to- 
day, or send the coupon below for our 
complete Leadership Line catalog? s-.06637 


you CAN BE SURE...iF ITS 


Westinghouse = W 2 
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Alternating stresses bear watching! 


Back and forth...up and down...in and out... if those stresses 
keep changing, the life of a metal part is a hard one... and often 
a short one. Stress reversals can cause “fatigue” failure 
at stresses far below the expected strength of the metal. 

One of the outstanding properties of phosphor bronze is its high resistance 
to fatigue failure. It is widely used for electrical switch parts, relay 
contact springs, bellows, rotating shafts and other moving or vibrating parts. 
For detailed information on phosphor bronze, write to 

Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., Riverside, N. J. 









ALLOY METAL WIRE RIVERSIDE METAL PRENTISS WIRE MILLS 
Prospect Park, Pa. Riverside, N.J. Holyoke, Mass. 










RIVERSIDE-ALLOY METAL DIVISION 
H. K, PORTER COMPANY, INC. 
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cussions on all phases of the use, 
manufacture, and improvement of 
abrasives and to exchange knowl- 
edge gained from practical expe- 
rience. The long range objective 
of the society is the establishment 
of uniform standards for abra- 
sives and abrasive products. 

Chapters have thus far been 
organized in New England, the 
Middle Atlantic States and Michi- 
gan. Executive officers of the so- 
ciety are: national chairman, T. 
J. O’Connell, Macklin Co.; presi- 
dent, John Y. Arnold, Carpenter 
Steel Co.; vice-president, Ray B. 
Rider, General Electric Co.; sec- 
retary, Jan L. Deelman, Attorney; 
treasurer, Willard Miller, Mt. 
Penn Trust Co. 

There are three classes of mem- 
bership: Student, Senior and As- 
sociate. Further information may 
be obtained from Jan L. Deelman, 
American Society for Abrasives, 
222 Berks County Trust Bldg., 
Reading, Pa. 








Aluminum rolling plant — Single, 
tapered plate wing sections, with 
integral stiffeners and milled con- 
tours like the one pictured here, are 
being produced at Reynolds Metals 
Co.’s newest facility, McCook Sheet 
& Plate Works. In order to handle 
military requirements for thicker 
plates and multidimensional sculp- 
tured surfaces, the company has in- 
stalled several improved types of 
equipment. These include: a 146-in. 
tapered rolling mill; twin fixed-bed 
gantry-type skin millers with a work 
bed over 100 ft. long; what is 
claimed to be the world’s largest 
plate stretcher, having a pulling 
force of 16 million pounds; and the 
industry’s first horizontal-plate heat 
treating furnace. 
























PROBLEMS: 









GALLING OF TITANIUM 
OR STAINLESS STEEL? 











SOLDERING 
















ON : 
WEAR OF 
ALUMINUM? % 
ALUMINUM, COPPER, 
STEEL AND 


THEIR ALLOYS? 





SUPPLYING SURFACE 
HARDNESSES FROM 49-70 








ROCKWELL C? 
That’s a bold answer, but Kanigen has solved every 
one of the above problems! Kanigen is a new nickel 


alloy developed commercially by General American 


The graces is — oad Transportation Corporation. More than that, it is an 
premeis om iveulianatine entirely new process. Not a substitute for electroplat- 
towers, absorbers, cylinders ing, Kanigen chemically coats large and complex shapes 
and shapes up to 50 feet in ith if ° , rf f ; 1 
length. For complete with a uniform corrosion-resistant surface of exceptiona 
information, write to the hardness—can solve your problem at a saving of both 
Kanigen Division. , 

time and money. 

KANIGEN 


It Pays to Plan With General American 
GENERAL AMERICAN TRANSPORTATION CORPORATION 
¢ Chicago 90, Illinois. 
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For Carbonitriding 
Carbon Correction 


Carburizing 


Non-Decarb, Scale-Free 
Hardening and other 
Processes, 

175 to 2000 Ibs. per hour 
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EF Gas Fired Radiant Tube Combination Hard- 

ening and Dry Cyaniding Unit Fitted with an 
Automatic Feeder that Distributes’ the Parts 
Evenly on the Chain Belt Conveyor; and a 
Dual Quench, See View Below. 

The EF chain belt conveyor furnace is 
one of the most satisfactory continuous 
heating units yet devised for treating 
small and medium size parts. The material 
is loaded onto cast link conveyor belt; 
carried through the furnace; heated uni- 
formly to proper temperature; automa- 
tically quenched and discharged. No pans 
or trays are needed. Hundreds in daily 
Operation prove the dependability and 
efficiency of our design. Gas, oil or elec- 
trically heated. Furnished complete with 
any desired feeding, discharging or special 
atmosphere equipment. 





























The Conveyorized, Partitioned Dual Quench 
Moves Laterally to Permit either the Complete 
Oil or the Water Quenching Equipment to be 
Positioned under the Sealed Furnace Discharge. 


BULLETIN No. 461 
shows typical installations 
of EF Gas-fired, Oil-fired 

and Electric Furnaces 


Send for a copy today! 





















THE ELECTRIC FURNACE CO. 


) 2 “ny 
QLEIL - OF, 
AS FI FIRED AND ELECTRIC FURNACES 
PROCESS, PRODUCT OR PRODUCTION 
Canadian Associates 
CANEFCO LIMITED * Toronto 1, Canada 
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Engineers 





Konrad W. Frederiksen, former as- 
sistant director of engineering and 
chief design engineer, Chas. Pfizer 
& Co., Inc., has retired. He is suc- 
ceeded by George W. Rocklein, Jr. 
Enno F. Harger becomes assistant 
chief design engineer, and Joseph J. 
Capo, senior design engineer. 


Harold D. Prior is now technical 
director of Chas. Taylor’s Sons Co., 
a National Lead Co. subsidiary. 


R. K. Annis has been promoted to 
the post of development engineer, 
Fairbanks, Morse & Co. 


George Burnham IV_ has _ been 
appointed assistant vice-president- 
Philadelphia, United States Steel 
Corp. 


Arthur C. Ellsworth, Jr. is now 
special projects engineer for Colum- 
bia-Southern Chemical Corp. 


E. A. Corns, formerly director of 
research, Lee Wilson Engineering 
Co., Inc., is administrative assistant 
for Lee Wilson Proprietorship Oper- 
ations. He is succeeded by C. C. 
Blackman. R. R. Hill succeeds Black- 
man as assistant chief engineer; J. R. 
Moran takes over the duties of as- 
sistant superintendent of Service and 
Construction; and E. P. Usiak be- 
comes combustion engineer. 


Julian Silverberg has been promoted 
to senior welding engineer, Maytag 
Co. 


R. A. Burritt has been appointed 
vice-president and factory manager, 
J. J. Tourek Mfg. Co. 


Andrew H. Bergeson is now vice- 
president in charge of Stromberg- 
Carlson’s Washington office. 


Dr. Alio J. Buselli has been ap- 
pointed manager of chemical re- 
search, W. R. Grace & Co.’s Poly- 
mer Chemicals Div. 


National Assn. of Corrosion Engi- 
neers presented a certificate and 
honorarium to Thor N. Rhodin, Du 
Pont engineer, for “the best paper 
published during the year by an 
author under 35 years of age.” 


(continued on p 216) 
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You Get Better Results 
in HEAT TREATING! 


Use the NIAGARA AERO HEAT 
EXCHANGER to control the tem- 
perature of your quench bath and 
you remove the heat at its rate of 
input, always quenching at the exact 
temperature that will give your 
product the best physical properties 

The Niagara Aero Heat Exchanger 
transfers the heat to atmospheric air 


| by evaporative cooling. It extends 


your quenching capacity without 
using extra water. It pays for itself 
with water savings. 

You can cool and hold accurately 
the temperature of all fluids, gases, 
air, water, oils, solutions, chemicals 
for processes and coolants for me- 
chanical and electrical equipment. 
With the Niagara Aero Heat Ex- 
changer you have closed system 
cooling, free from dirt and scale. 


Write for Bulletin No. 120 


NIAGARA BLOWER COMPANY 


Dept. MM-7, 405 Lexington Ave. 
NEW YORK 17, N. Y. 


District Engineers in 
Principal Cities of U. S. and Canada 
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5 ena radiographic inspec- 
tions call for increased sensi- 
tivity, greater speed. And these are 
the characteristics of Kodak’s new- 
est industrial x-ray film, Kodak 
Industrial X-ray Film, Type AA. 

This film retains all the excellent 
qualities that made Kodak Type A 


#1 aid to fast, critical radiographic inspection 


the most widely used x-ray film in 
industry. Then, in addition, it pro- 
vides greatly increased speed. 

This permits exposure time to be 
cut as much as 50%. It allows adjust- 
ment of the radiographic factors to 
obtain greater contrast and easier 
readability. 


...new Kodak Industrial X-ray Film, Type AA 


Kodak X-ray Film, Type AA can 
multiply your minutes—can extend 
the usefulness of your present radio- 
graphic equipment. 

Find out all the ways it can 
improve your production. Get in 
touch with your x-ray dealer or 
Kodak ‘Technical Representative. 


EASTMAN KODAK COMPANY 


X-ray Division 


Rochester 4, N. Y. 


Read what the new Kodak Industrial X-ray Film, Type AA, does for you: 


@ Reduces exposure time—speeds up routine 


examinations. 


@ Provides increased radiographic sensitivity 
through higher densities with established 


exposure and processing technics. 


@ Gives greater subject contrast, more detail and 


exposure technics. 


@ Reduces the possibility of pressure desensitization 
under the usual shop conditions of use. 


Kodak Industrial X-ray Film, Type AA and Type M is now available in 100-sheet 
boxes wrapped without interleaving paper. Designated as AA-100; M-100. 


easier readability when established exposure 
times are used with reduced kilovoltage. 


@ Shortens processing cycle with existing 
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START WITH THE BEST! 


In the best A, A: 
possible SJ oh/ bd 


shape... <I *t SS 








SHAMBAN rerLon: 
EXTRUDED PROFILE SHAPES 


Whatever the shape—whatever the need—a 
SHAMBAN TEFLON shape will fill it better 
because of TEFLON’S unusual properties... 
Inert to virtually all commercially employed chemi- 
cals and solvents...heat resistant...tough and 
flexible at extremely low temperatures... adhesion 
resistant-low coefficient of friction... weather resist- 


ant...zero moisture absorption (by A.S.M.E. test) CONCAVE 


Custom designed in continuous lengths to fill your 
specific needs. 
Contact nearest representative or either Factory. 


*du Pont Trademark 
CONVEX 


Use the BEST in Fluorocarbon Products, Specify SHAMBAN ! 


W. S. SHAMBAN & CO. 


11617 W. Jefferson Blvd., Culver City, California 
Meyer Road, Fort Wayne, Indiana 
















MEDAWIEL 


INSULATORS AND INSULATING TUBING 


hoe 
ee 
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@ Need round or oval, single or multiple bore 
insulators or insulating tubing? McDanel Insulating 
Tubing and Insulators hold close tolerances from 
side to side and end to end. No thin wall “hot 
spots” allow heat to deteriorate or break thermo- 
couple wires. McDanel Tubing and Insulators are 
guaranteed up to 2900° F. We make special sizes 
and lengths up to 80 holes. Contact us today! 





McDanel round or oval Insulators, 1”, 
2” or 3” lengths. Flexible and adapt- 
able to irregular thermocouple con- 
nections. Special sizes and lengths 
available. Guaranteed up to 2900° F. 


Mo DANell 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS ~ PENNSYLVANIA 





Send for 
Bulletin PI-55 
TODAY! 
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Leonid A. Umansky, retired manage: 
of Systems Application Engineering 
General Electric Co., died at hi 

home recently. Mr. Umansky wa: 
last year’s recipient of the Thomas 
A. Edison Medal for “his outstanding 
contributions to the electrification of 
industry.” 


Q. B. J. Fraser, assistant manager, 
International Nickel Co.’s Develop- 
ment and Research Div., has been 
awarded honorary membership in 
the American Welding Society. 


Edward E. Slowter has been elected 
vice president of Battelle Memorial 
Institute. 


Dr. F. Meade Bailey has been named 
manager of advanced engineering 
for the General Electric Industry 
Control Dept., Roanoke, Va. 


Edward C. Wagner has been ap- 
pointed to the new post of assistant 
to the vice president for engineering, 
Ford Instrument Co., Div. of Sperry 
Rand Corp. Michael A. Moscarello 
has been appointed engineering di- 
rector for marine equipment. 


George F. Copeland is now division 
industrial engineer in charge of the 
Bearing Div., Industrial Engineer- 
ing, Timken Roller Bearing Co. 


Dr. Albert Muller’s new assignment 
at Air Reduction Co., Inc. is assist- 
ant to the president, Air Reduction 
Sales Co. He will assist in the 
acquisition and development of new 
products and processes. 


Richard Ochs is now production 
manager, Instruments Div., Philips 
Electronics, Inc. 


Companies 





McGraw-Edison Co. has acquired the 
assets and business of Griswold Mfg. 
Co. 


Columbia Steel & Shafting Co. has 
purchased property at Scottsdale, 
Pa., for the manufacture of cold 
drawn stainless steel tubing. The 
plant will operate as a part of Co- 
lumbia’s Summerill Tubing Div. 


Firth Sterling, Inc. announces for- 
mation of Firth Sterling, Ltd. (Can- 
ada). The new company is jointly 
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How Shelby Seamless Tubing 





makes a “Buck’’ 


go farther 


The platforms of these Buck Equipment Corporation Hoisting 
Machines* do go farther—farther up, thanks to Shelby Seam- 
less. Although standard tower heights range from 25 to 40 feet, 
some of these unique heavy-duty rigs boast towers up to 150 
feet in height! 

The slender tower of the Buck Portable Hoisting Machine is 
constructed of 232” OD x .120” wall, cold drawn sections of 
Shelby Seamless Mechanical Tubing, which afford both the 
structural support for the equipment and the track on which the 
platform moves. Self-erecting, the tower unfolds like a jack- 
knife—raises or lowers in 2 minutes, 11 seconds. Operating 
power is supplied by a 21 H. P. air-cooled engine. 

Here is an application where the use of seamless tubing is 
virtually mandatory. What other material could supply the 
combination of high strength, light weight, and flexibility 
needed to make a completely portable hoist that would unlim- 
ber in minutes, then send a 2000-pound load of building bricks 
soaring up its vertical track at the rate of 140 feet per minute? 








Shelby Seamless Tubing possesses the strength, uniformity 
and dimensional accuracy that make it ideal for structural ap- 
plications such as this. Produced to exacting standards by the 
world’s largest manufacturer of tubular steel products, Shelby 
Seamless is available in a wide range of diameters, wall thick- 
nesses, various shapes and steel analyses. You are invited to 
a consult our engineers at any time. They will make a study of 
a your product requirements and will help you to apply Shelby 
Seamless to your specifications. 





*Manufacturer’s nan n request 
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NATIONAL TUBE DIVISION, UNITED STATES STEEL CORPORATION, PITTSBURGH, PA. 
(Tubing Specialties) 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS + UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


SHELBY SEAMLESS MECHANICAL TUBING 


UNM -T€ Do oS TAT E'S 5 OR -L 
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American Agile Fabricating 
Equipment Opens New Fields 
For Plastic Application 
Complete PLASTIC WELDING KIT 


**Do-It-Yourself’’ plastic welding kit permits fast, 
easy fabrication and repair of plastic components and 
weldments. Easy to use, the kit contains all necessary 
tools and supplies —110-V. welding gun, 15’ 
nitrogen hose, Nitrogen flowmeter, contour marker, 
porosity spark tester, marking crayon, knife . . 
plus, two simplified instruction books that guarantee 
successful welding. 





Apply Corrosion-Resistant Plastic Coatings With 
The Fluidizing SPRAY & DIP COATING UNIT 


This mobile, dual purpose unit called the Mark Ill, 
permits spray or dip coating of metal targets with 
corrosion-resistant coating using finely divided poly- 
ethylene powders. 331%.” high x 20” wide, unit 
consists of metal reservoir, 15” in dia. with 24” 
deep powder bed. It is easily moved by one man 
and can be attached to any available compressed 
air line. 


In addition to the application of polyethylene pow- 
der, the fluidizing process can be also used to apply 
nylon and fluorocarbons, thus increasing the flexibil- 
ity of the unit. 


Orders filled promptly from stock, 
or write for further information. 











Maple Heights, Ohio 






























AMERICAN AGILE Frente) Corporation 
5461 Dunham Road BAy 74S Ag Mail Address: P.O. Box 
oi Ba 168, Bedford, Ohio 














ONE STOP—SHORT RUN 
ederal STAMPING SERVICE: 
LX e 
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DRAWING PIERCING DRILLING 


FREDDY 
FEDERAL SAYS: 


‘A little bit here and a little 
bit there is a little bit in- 
efficient! Lets get a// those 
obs pinpointed at FEDERAL 


rolale Itoh AM ilu] Weigelt] >] 1 Mme hale| 


’ TAPPING ee taical BLANKING 







FORMING STENCILING EXTRUDING 






The next fime you require parts of any shape or size up 
to 10"x 14"x %" thick of any stampable material send 
your print, sketch or part for an... 











TOOL & MFG. CO. 


Quality Stampings in 
Small Quantities 
3652 Alabama Ave., Minneapolis 16, Minn. 
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financed by Firth and Canadiar 
interests. 


Impact Extrusion Products, Inc. has 
acquired the Zinc Extrusion Div. of 
Sun Tube Corp. 


Minnesota Rubber and Gasket Co. 
has acquired the assets of General 
Industrial Products Co., Inc. The firm 
will operate as the Minnesota Latex 
Rubber Co., a div. of Minnesota Rub- 
ber, and will occupy a new plant 
adjacent to present facilities. 


Motch & Merryweather Machinery 
Co. and Avey Drilling Machine Co. 
have merged. The latter company 
will be known as the Avey Div. of 
Motch & Merryweather. 


Nuclear Materials & Equipment 
Corp. is a new company with main 
office and plant in Apollo, Pa. 


Rek-O-Kut Co., Inc. plans to start 
operations at its new 25,000-sq-ft 
New York City plant by July. 


Radio Corp. of America has changed 
the name of its RCA Tube Div. to 
RCA Electron Tube Div. 


Julius Blum & Co., Inc. has com- 
pleted a plant addition that increases 
its floor space to 60,000 sq ft. 


Universal Transistor Products Corp. 


is the new name of Universal Atom- 
ics Corp. 


Societies 





American Welding Society elected the 
following 1957-58 officers at its na- 
tional meeting: president, Clarence P. 
Sander, Consolidated Western Steel 
Div., United States Steel Corp.; first 
vice-president, Gustav O. Hoglund, 
Aluminum Co. of America; second 
vice-president, Charles I. MacGuffie, 
General Electric Co.; treasurer, 
Harry E. Rockefeller, Linde Air 
Products Co. Directors-at-large are: 
James F. Deffenbaugh, Federal Ma- 
chine & Welder Co.; Alfred E. Pear- 
son, Ingalls Iron Works Co.; Clarence 
M. Styer, Pacific Car & Foundry Co.; 
Robert M. Wilson, Jr., Development 
and Research Div., International 
Nickel Co. 

AWS honored twenty-three indi- 

























This invaluable reference guide is yours for the asking! 
A really big catalog, handsomely bound—each page is 


and heat resistance. A special section covers Superior’s 
“‘super alloy” tubing for aircraft, missiles, etc. Pages 


. crammed with important technical information on a are devoted to the selection and application of stainless 
: wide variety of stainless analyses. There is specific tubing. Separate sections cover soldering, welding, 
i information on each analysis, including its physical machining, bending, etc. All this and much, much more! 
t and mechanical properties, and data on its corrosion Get your copy while our supply lasts! 

; ee 

' SUPERIOR TUBE COMPANY 

9 


2006 Germantown Ave., Norristown, Pa. 


= 


e A | 
. Syoeriar Cle Rush me my free copy of your Catalog Section 21. 


The big name in small tubing 


- NORRISTOWN, PA. 





2 All analyses .010 to ¥% in. OD—certain analyses in light walls 


; Company 
up to 244 in. OD 





Address 





1 West Coast: Pacific Tube Company, 
5710 Smithway Street, Los Angeles 22, Calif. * RAymond 3-133] 
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No Chippage 
when you use 


Sicon 


SILICONE 


HEAT RESISTANT 
FINISH 


® 















































Proved he, 


by over 
| 25,000 TEMCO 
Wall Heater 


Installations 


The upper grille of this handsome 
TEMCO Gas Wall Heater is fin- 
ished with 7x7070 Brown SICON 
Silicone-Base Heat Resistant Fin- 
ish. The number of louvers on 
this upper grille presented a chip- 
page problem with vitreous enamel 
which prompted Temco to turn to 
SICON. Normal operating tem- 
peratures run about 350°F. but 
the temperature encountered on 
blocked flue conditions require a 
heat resistant finish to withstand 
500° F..SICON 7x7070 Brown, on 
25,000 or more Temco installa- 
tions, has successfully met field 
erformance requirements without 
oss of color, gloss or adhesion. 
Investigate other case histories of 
SICON—the remarkable finish that 
has solved over 150 heat resistant 
finish problems! Write today! 

























: 


Sico 


a” 

” 

e 

e 

° 

pa ® 
* 

me 

a 

* The Original Silicone Base 

4 Heat Resistant Finish 
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. 

> IMU BEAN. 
° DEPT. G-1, Waukegan, Illinois 

° ENAMELS *® SYNTHETICS 

® LACQUERS * VARNISHES 
* 
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viduals with five national and 18 re- 
gional awards at its Adams national 
meeting. The five national award 
winners are: Fred L. Plummer, Ham- 
mond Iron Works — Samuel Wylie, 
Miller Memorial Award; DeWitt C. 
Smith, Harnischfeger Corp.—certifi- 
cate and honorarium; O. B. J. Fraser, 
Development and Research Div., In- 





ternational Nickel Co.— honorary 
membership in the Society; Jay 
Bland, Engineering and Research 


Dept., Standard Oil Co.—1957 Lin- 
coln Gold Medal; A. N. Kugler, Air 
Reduction Sales Co.—National Meri- 
torious Service Award. 

National Screw Machine Products 
Assn. elected the following officers at 
the annual meeting: president, Dana 
B. Jefferson, Jr., Walker Mfg. Co.; 
vice-president C. J. Baumgart, Screw 
Machine Engineering, Inc.; treasurer, 
Leonard R. Schaffer, Mechanical Art 
Works, Inc.; executive vice-president, 
Orrin B. Werntz; and _ secretary, 
Margaret S. Ballinger. New trustees 
elected include: Francis P. Trinkhaus, 
Crellin Machine Co.; Elwood Leonard, 
H & H Screw Products, Inc.; Charles 
L. DeMartin, General Screw Prod- 
ucts Corp.; and Charles L. Kerr, 
Kerr-Lakeside Industries, Inc. 


American Zine Institute has elected 
S. D. Strauss, American Smelting 
and Refining Co., president. Vice 
presidents are: J. D. Bradley, Bunker 
Hill Co.; Clarence Glass, Anaconda 
Sales Co.; H. L. Young, American 
Zine Sales Co. Directors: John D. 
Bradley, Bunker Hill Co.; R. B. Cap- 
les, Anaconda Co.; E. V. Daveler, 
American Zinc, Lead and Smelting 
Co.; Clarence Glass, Anaconda Sales 
Co.; R. L. McCann, New Jersey Zinc 
Co.; G. W. Potter, Potter-Sims Mines, 
Inc.; F. A. Wardlaw, Jr., Interna- 
tional Smelting and Refining Co.: 
H. I. Young, American Zinc, Lead 
and Smelting Co.; Miles M. Zoller, 
Eacle-Picher Co.: and William J. 
Welch, National Lead Co. 


Malleable Research and Development 
Foundation has officially opened its 
offices in Granville, Ohio. It will ad- 
minister a research and development 
program to be conducted in labora- 
tories of the member companies, 
research institutes and universities. 

(News of Meetings on p 222) 
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from cold strip 
to finished tubing \""""®; 


IN SECONDS! 
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YODER 
ELECTRIC-WELD 
TUBE MILL 


One of the fastest ... and one of the least 
expensive . . . methods of making steel 
tubing is with a Yoder Electric-Weld 
Tube Mill. The Yoder method eliminates 
the need for time-consuming heat treat- 
ments and costly conditioning furnaces 
for most tube needs. Scrap losses, too, 
are far lower than any other method... 


usually less than 2% 


The Yoder Type-M Mill shown above is 
operated by one man and a helper. Coiled 
strip on this mill is continuously cold- 
roll formed, welded and cut to required 
lengths in a matter of seconds... at 
speeds up to 340 f.p.m. The quality of 
the resulting tube is constantly better 
than the requirements of commercial 
standards. This is one of many reasons 
why manufacturers and users of tubing 
the world over are using more Yoder 
mills than all other makes combined. 


If your business requires pipe and tub- 
ing, ferrous or non-ferrous, in sizes from 
\4-inch up to 26-inch diameter, Yoder 
can supply the engineering service and 
machines to produce it faster and better 
for less! For complete details, write for 

_the Yoder Tube Mill Manual. It’s yours 
for the asking. 


THE YODER COMPANY 


| 5546 Walworth Ave. © Cleveland 2, Ohio 
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(ferrous or non-ferrous) 


MANUFACTURING 
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New, smaller size 


pellets (54” diameter x 14” high) offer 
higher density (typically 7.5 g/cc) and 


\, ; greater uniformity. New size is easier to ¢ 
Ya” handle, too—and will sink quickly g 
in the melt. 7 









—the new form manufactured to specified 
purity and composition 


Sylvania Molybdenum Pellets are designed 
and manufactured specifically for use in 
vacuum melting. They provide a readily avail- 
able source of the best purity molybdenum 
(typical 99.85%) available on the market. 
Detrimental impurities are at an extremely 
low level. This consistent high purity simpli- 
fies the calculation of additions to each melt 
as the usual variations of purity and gas 
content are eliminated. 

By maintaining a high density, the gas 
content of the pellets is kept well below that 
acceptable for vacuum melting. In addition, 
the compact uniform size of the pellets facil- 





itates weighing and charging to the melt. 

When you use Sylvania Molybdenum 
Pellets, you benefit in other ways, too. Their 
continuous availability means you can plan 
your production schedules on a long-range 
basis. Further, their pricing stability permits 
you to price your own product without 
having to worry about fluctuating raw 
materials costs. 


Call your Sylvania representative or write 
for details. 


SYLVANIA ELECTRIC PRODUCTS INC. 
Tungsten and Chemical Division, Towanda, Pa. 


TUNGSTEN * MOLYBDENUM * CHEMICALS + PHOSPHORS + SEMICONDUCTORS 


yy 


LIGHTING » 





RADIO - ELECTRONICS -° 






SYLVANIA 


TELEVISION °- 
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GET THE FACTS ON 


LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRIGATING 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
(—~450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS - EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings, 
thrust and friction washers, pump vanes. 
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BRUSHES * CONTACTS 


GRAPHALLOY has high-performance 
electrical properties: low electrical 
noise, low and constant contact drop, 
high current density, minimum wear! 

Brush Holders and Assemblies, Coin Sil- 
ver Slip Rings and Assemblies available. 


USE OUR 40 YEARS OF DESIGN EXPERIENCE! 





























r et 
GRAPHITE METALLIZING CORPORATION 
1010 Nepperhan Ave. * YONKERS, NEW YORK 


Oj Please send data on Graphalloy Oil-Free BUSHINGS. 
Send data on BRUSHES and CONTACTS. 





NAME & TITLE 





COMPANY 





STREET 


city | 
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Meetings 





SOCIETY OF AUTOMOTIVE ENGINEERS, 
West Coast meeting. Seattle. Aug 
12-14. 


WESTERN ELECTRONIC SHOW AND 
CONVENTION. San Francisco. Aug 
20-28. 


SOCIETY OF AUTOMOTIVE ENGINEERS, 
tractor meeting and production 
forum. Milwaukee. Sept 9-12. 


AMERICAN INSTITUTE OF MINING, 
METALLURGICAL AND PETROLEUM 
ENGINEERS, Institute of Metals 
Div. Chicago. Sept. 16-18. 


AMERICAN DIE CASTING INSTITUTE, 
annual meeting. Chicago. Sept 17- 
20. 


METAL POWDER ASSN., fall meeting. 
Pocono, Pa. Sept 20-21. 


STEEL FOUNDERS’ SOCIETY OF AMERI- 
CA, fall meeting. Hot Springs, Va. 
Sept 23-24. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, fall meeting. Hartford, 
Conn. Sept 23-25. 


STANDARDS ENGINEERS SOCIETY, sixth 
annual meeting. New York City. 
Sept 23-25. 


SIXTH ANNUAL INDUSTRIAL ELEc- 
TRONICS SYMPOSIUM. Chicago, Sept 
24-25. 


NATIONAL SCREW MACHINE PRODUCTS 
ASSN., fall meeting. Colorado 
Springs. Sept 29-Oct 3. 


SOCIETY OF AUTOMOTIVE ENGINEERS, 
aeronautic meeting, aircraft pro- 
duction forum and aircraft engi- 
neering display. Los Angeles. Oct 
1-5. 


ELECTROCHEMICAL SOCcIETY, INC., fall 
meeting. Buffalo, N. Y. Oct 6-10. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, fall meeting. Chicago. 
Oct 7-11. 


GRAY IRON FOUNDERS’ SOCIETY, an- 
nual meeting. Chicago. Oct 9-11. 


SocIETY OF THE PLASTICS INDUSTRY, 
Inc., 138th annual New England 
Section Conference. Portsmouth, 
N. H. Oct 10-11. 


PRESSED METAL INSTITUTE, annual 
meeting. Castle Harbour, Bermuda. 
Oct 13-17. 


MAGNESIUM ASSN., annual conven- 
tion. New York City. Oct 17-18. 


NATIONAL ASSN. OF CORROSION ENGI- 
NEERS, seventh annual western 
regional conference, San Diego, 
Calif. Oct 22-24. 
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Coming to you 
un September 


MATERIALS 
SELECTOR 
ISSUE 


This fall you will receive the MATE: 
ALS SELECTOR issue for 1957. It w 
be mailed to you as the 13th issue . 
MATERIALS IN DESIGN ENGINEERIN« 


WHAT IT IS: All editorial pages Of 
the MATERIALS SELECTOR will be 
data sheet form. It will provide mat 
rials-specifying engineers, designe: 
and other technical men with the most 
complete and best organized annual 
reference data available. It offers y 
two major editorial sections: 


Data Section 


Comparisons of Materials 
Properties of Materials 
lrons and Steels 
Nonferrous Metals 
Plastics and Rubber 
Nonmetallics 
(except Plastics and Rubber) 
Finishes and Coatings 
Forms and Shapes of Materials 
Directory Section 


Suppliers of Materials 
(classi hed Dy Materzals, 
Forms and Finishes 

Addresses of Suppliers 


YOU ASKED FOR IT! You and you: 
fellow readers continually ask us for 
information of all sorts about materi 
als selection. In fact, requests for fur 
ther information resulting from MA 
TERIALS IN DESIGN ENGINEERING s 
editorial and advertising pages aver 
age better than 225,000 per year! Un- 
til now, no one has ever attempted to 
consolidate reference data in a single 
annual issue and thus make it easier 
to determine the answers to the prob- 
lems that confront you when you se- 
lect and specify engineering materials. 
WE’RE EXCITED because our readers 
are going to get what they want in the 
MATERIALS SELECTOR. Watch for the 
MATERIALS SELECTOR. We know 
you'll find it the most complete, the 
most useful, year-round reference 
issue published. 


The Editors 


Materials in Design Engineering 
(Formerly Materials & Methods) 





























Still another research tool from Lithium Corporation... 


LITHIUM METAL 


(LOW SODIUM CONTENT) 





‘Lhe latest from L.C.A. 
Following on the heels of the discovery that content (0.005% maximum) may be advanta- 


lithium metal dispersions make unique polymeri- —_ geous, research-wise, in developing laboratory ex- 
ul zation catalysts (isoprene polymerized to a syn- —_ perimentationsintopossiblecommercial processes. 
. thetic rubber which closely resembles natural Atomic energy holds still further possibilities. 
if rubber) comes recent interest in organolithium This refined grade of lithium metal, as well as 
A compounds as reagents for commerical uses. The the commercial grade, is available in experimental 
- preparation of these compounds often requires and commercial quantities in the following phys- 
n- metallic lithium as the source of the lithium atom. ical forms: ingot, cup, rod, wire, ribbon, shot 


This suggests that a lithium metal of low sodium _and dispersions in suitable media. 


b- Got a catalyst problem? Investigate the practicability of lithium metal. Your request on 
4 company or institutional stationery will receive prompt attention. 








LITHIUM CORPORATION 
OF AMERICA, INC. 


2690 RAND TOWER, MINNEAPOLIS 2, MINN. 


... Lends ahead in industrial applications for lithium 


PROCESSORS OF LITHIUM METAL e METAL DISPERSIONS BRANCH SALES OFFICES: New Yorke Chicago e Bessemer City, N.C. 
METAL DERIVATIVES: Amide* Hydride MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, N.C, 
SALTS: Bromide «e Carbonate « Chloride « Hydroxide « Nitrate Cat Lake, Manitoba e Amos Area, Quebec 
SPECIAL COMPOUNDS: Aluminate e Borate « Borosilicate « Cobaltite» Manganite PLANTS: St. Louis Park, Minnesotae Bessemer City, N.C. 
Molybdate « Silicate « Titanate « Zirconate e Zirconium Silicate RESEARCH LABORATORY: St. Louis Park, Minnesota 
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TITANIUM 
AMS 4901 











TITANIUM 
RSIIO BX 





TITANIUM 
A-110 AT 









TITANIUM 











8% MN - 


Titanium Cylinders 
drawn in one stroke 
on the same die 


Titanium, magnesium, zirconium, 
stainless and aluminum 2024 are 
deep drawn in one operation by 
Brooks & Perkins. 

Cost of staging dies and intermediate 
anneals is eliminated. 

. . . Whenever you are faced with a 
difficult or delicate operation-prob- 
lem in Magnesium or Titanium, a 
talk with B&P engineers is well worth 
while. 











Engineering Facilities 
in Detroit and Los Angeles 


... Write for Titanium and Magne- | 


sium engineering data — also folder 
on B&P’s facilities to handle tough 
jobs. 


BROOKS & PERKINS, Inc. 


Magnesium-Titanium Fabrication 
Magnesium and Boral Sheet and Plate 
1940 West Fort St. 
Detroit 16, Mich. 
Phone: TAshmoo 5-5900 
IN LOS ANGELES: 
11655 Vanowen St. 
North Hollywood, Cal. 
56-C Phone: STanley 7-9665 


OFFICES IN NEW YORK, WASHINGTON, DALLAS 
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& 
REPORTS 


Books 





Symposium on Corona. American 
Society for Testing Materials, Phila- 
delphia, 1957. ASTM Special Techni- 
cal Publication 198. Paper, 6 by 9 in., 
382 pp. Price $1.25 

No common or standard methods 
of corona detection or evaluation of 
corona resistance of electrical insu- 
lation are presently available. Re- 
cently ASTM Committee D-9 on 
Electrical Insulating Materials initi- 
ated research and _ standardization 
methods for corona detection of elec- 
trical insulation. One of the accom- 
plishments of this work was a sym- 
posium on corona. Included in the 
Symposium as now published are 
papers on the effects of corona on 
thermosetting plastics laminates; cor- 
ona resistance test methods for lami- 
nates and molded and cast materi- 
als; corona detection and measure- 
ment; and test methods for measur- 
ing energy in a gas discharge. 


Applied Metallurgy for Engi- 
neers. Malcolm S. Burton. McGraw- 
Hill Book Co., New York, 1956. 
Cloth, 64% by 9% in., 407 pp. Price 
$7.50 

Designed as a college textbook on 
the elementary principles and appli- 
cations of metallurgy, this book 
begins with brief discussions of the 
nature, production and testing of 
metals, and the nature of alloys and 
alloying. 

Recent advances in metal science 
such as Shell molding, inert-gas- 
shielded are welding and vibration- 
less mid-air forging are discussed 
with emphasis on principles rather 
than on manipulative techniques. The 
book develops the metallurgical prin- 
ciples involved in metalworking and 
evaluates these manufacturing proc- 
esses from an engineer’s viewpoint. 
A list of reference books follows 
each chapter. 


Consulting Services: 1957, Asso- 
ciation of Consulting Chemists & 
Chemical Engineers, Inc., New York. 
1957. Paper, 6 by 9 in., 136 pp. Price 
$1. 

This book outlines officers, staff and 
activities of consulting services de- 
voted to solving manufacturing and 
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high impact styrene 


injection molded 


FREE SAMPLES 


SHAW TECHNIQUES GIVE BETTER RESULTS 


Benefit from our wealth of experience with 


all plastics. If you have a design problem, 


we'll be glad to send you molded samples 


in the material you are considering. Check 
below and mail this ad, or write us about 


your project. 


SAMPLE CHECK LIST 





[] polyethelene ([_] butyrate 
[_] acetate ["] phenolic 
[] styrene [-] melamine 
[] alkyd [] urea 

| ["] nylon 

[] acrylic 


| 
| 
| 
| 











[] polyesters 
[-] ethyl cellulose 


Shaw’s unexcelled reputation as a 
custom molder extends over half 
a century. Perhaps our experience and 
advanced facilities can help you. 

SHAW INSULATOR COMPANY, 146 Coit St., 
Irvington, N. J., and Stroudsburg, Pa. 





SEND FOR 
BROCHURE 
“SHAW takes the 


problems out of ec 
plastic molding.” * 


‘ 
SH Aw 


custom molds all plastics 
by TRANSFER + COMPRESSION + INJECTION 
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SOCKETS TO MATCH 
YOUR ’57 CHRISTMAS TREE 


A more colorful Christmas—1957 is in the making today. 
To match the trend to Christmas trees sprayed in a host 
of colors, Conart Co., Inc., is now molding light socket 


husks in a variety of colored BEETLE® Molding Com- 
pounds to be strung on matching wire strands. Sturdy, 
hard BEETLE is an excellent insulator, and its molded-in 


color resists heat and discoloration, can’t chip off. Conart 
produces enough husks each month to stretch twice from 
coast to coast. 


r 








LAMINAC® SIGNS WARN OF 
“OPERATION ELECTROCUTION” 


These LAMINAC signs point to a great experiment in sea lamprey 
control being conducted by U.S. Fish and Wildlife Service 
in the Great Lakes area. To kill these destructive eellike fish, 
electrically charged lines are stretched across areas where 
lampreys return from spawning. Passers-by are warned off by 
signs posted on land and in the water. To make them waterproof, 
with warnings that can’t wash off, Perry Plastics, Inc., makes 
the signs of glass-reinforced LAmMINAC Polyester Resin. Color 
is molded in, so signs never need painting and will never rot 
or rust away. 


ANGELIQUE’S CYMEL® AEROSOL 
WINS CSMA AWARD 


1956 saw the first successful all-plastic aerosol spray dis- 
penser made of CyMEL Melamine Molding Compound. And 
it brought the top Chemical Specialties Manufacturing 
Association, Inc. award in the class of glass and plastic 
aerosols to Angelique’s CyMEL dispenser for Black Satin 
Spray Cologne. Plastic aerosols are popular with the ladies, 
too—feel warm and pleasant in the hand, resist breakage 
and corrosion, eliminate evaporation. Their success points 
the way to many new packaging possibilities with CyMEL. 
































— AMERICAN CYANAMID COMPANY 
W907 Jy 957 PLASTICS AND RESINS DIVISION — CYANAMID Plastice 
34M Rockefeller Plaza, New York 20, N. Y. and Resins 


Division 
In Canada: North American Cyanamid Limited, Toronto and Montreal 
Offices in: Boston - Charlotte - Chicago - Cincinnati - Cleveland - Dallas - Detroit 


Los Angeles - New York - Oakland - Philadelphia - St. Lovis - Seattle MATERIAL 
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Choosing the carbon brushes 
that are supremely suited to your 
requirements is easy when you 
have the book that tells you all 
about brush characteristics and 
applications. Covering brushes 
for every type of fractional 
horsepower, automotive, aviation 
and industrial application, it 
represents 50 years of carbon 
and brush leadership. Its title? 
“Brushes by Speer.” 


The coupon below will bring you 
your copy with our compliments. 


PEER 22. 


St. Marys, Pa. 





[] Please send 
“Brushes by Speer.” ; 


(1) Please send in- 
formation on car- 
bon for use in 








Name 
Title__ 
Address 
City State 
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research and development problems, 
including problems involving adhes- 
ives, ceramics, die castings, nonfer- 
rous metals, plastics, leather, paper, 
paints and textiles. The book de- 
scribes consultants qualifications and 
alphabetically lists names and loca- 
tions of consulting agencies. 


Reports 





Welding cast iron WELDING Rops 
AND COVERED ELECTRODES FOR WELD- 
ING CAST IRON. July ’56. 11 pp. 
Available from American Welding 
Society, 33 W. 39th St., New York 
18, N. Y. Price 40¢ (AWS A5.15) 

Includes specifications for filler 
metals used for welding gray cast 
iron, malleable iron and some alloy 
cast irons. Sixteen classifications of 
filler metal are covered, including 
cast iron, copper-base, nickel-base 
and mild steel electrodes for shielded 
metal are welding. Also included are 
cast iron and copper-base welding 
rods for oxyacetylene and carbon arc 
welding. 


Porosity graded alloy MEcHANI- 
CAL PROPERTIES OF POROSITY GRADED 
195 ALLOY: PART 1—TENSILE PROP- 
ERTIES. J. J. Feinberg, Naval Ord- 
nance Lab. June ’56. 44 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Wash. 25, D. C. 
Price $1.25 (PB 121546) 

Study of the effects of hydrogen 
gas porosity on tensile properties of 
195 casting alloy. Metallographic 
illustrations of elongated hydrogen 
gas porosity in the alloy are com- 
pared with derived tensile properties. 


Vacuum brazing AN INVESTIGATION 
OF HIGH TEMPERATURE VACUUM AND 
HYDROGEN FURNACE BRAZING. W. E. 
Russell and J. P. Wisner. Mar ’57. 
29 pp, illus. Available from National 
Advisory Committee for Aeronautics, 
1512 H St., N.W., Wash. 25, D. C. 
(TN 3932) 

Describes vacuum and hydrogen 
brazing of four heat resistant alloys 
with two types of high temperature 
brazing alloys. The effect of time at 
various brazing temperatures on the 
1200 F shear strength of joints and 
on the base metal tensile strength 
and elongation was studied. 


Reinforced plastics THE MECHAN- 
ICAL PROPERTIES OF POLYESTER LAMI- 
NATES REINFORCED WITH HIGH Mopvu- 
Lus GLASS Fasric. F’. Werren, Forest 
Products Lab. Sept ’56. 22 pp. Avail- 
able from Office of Technical Serv- 
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Do You Buy 
Graphite 


Components ? 


@ Do you know that a graphite 
material of construction is avail- 
able which is impermeable and 
unaffected by practically all cor- 
rosives at amy temperature ... 
or that another carbon-graphite 
material possesses a hardness as 
great as that of glass? 


@ Both of these materials are ex- 
clusive developments of Graph- 
ite Specialties Corporation, a 
recognized leader in the pro- 
duction of special carbon and 
graphite components. 


@ In addition to these two out- 
standing materials, Graphite Spe- 
cialties Corporation regularly pro- 
duces components with specially 
required properties of density, 
purity, strength, permeability, chem- 
ical resistance and machining char- 
acteristics. 


@ Graphite Specialties Corporation 
components can be produced suffi- 
ciently pure for use as a moderator 
in atomic reactors, to provide ex- 
ceptionally low erosion rates in 
rocket nozzles—for use with 
chlorine at amy temperature—as 
crucibles for transistor crystal 
growth—in difficult metallurgical 
and chemical applications, as well 
as for component parts for me- 
chanical equipment. 


@ Molding, extruding and machin- 
ing facilities are available for short 
runs or high production. 


@ Write today for information re- 
lating to your specific component 
requirements to Graphite Special- 
ties Corporation, 64th Street at 
Pine Avenue, Niagara Falls, New 
York. 
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AMPCO—ONE-SOURCE SERVICE FROM RAW MATERIAL TO FINISHED PRODUCT 


Does your sketch suggest 
a copper-base alloy?7?... 


OM -MUttwll 


Ampco can supply it, 








im the form that’s best 


You enjoy design flexibility, 
with versatile Ampco alloys 


Among more than 100 Ampco copper-base 
alloys is the one you need for 





— resistance to wear, impact, fatigue, corrosion 

— excellent bearing qualities 

— retention of physical characteristics at 
temperatures from 600°F down to -400°F. 


And equally important, you can select the best, 
most economical form of production — sand casting, ° 
centrifugal casting, shell mold, precision casting, 
forging, fabrication, extrusion, sheet, plate. 


Call in your Ampco field engineer. 
Write for Bulletin 33. 





Sand castings in any size up to 14,000 Ampco’s one- source service includes - 2,275-ton hydraulic press in Ampco’s modern, 
pounds — and centrijugal castings up to duction-run machining of copper-base alloys a mill for extruding rods, 
five tons—are produced in Ampco foundries. to quality standards of the aircraft industry. bars, hollow rounds, and shapes. 


® 
THE METAL WITHOUT AN EQUAL 
AMPCO METAL, INC Jpt. MA-7, Milwaukee 46, Wisconsin * West Coast Plant; Burbank, California 











7 \ Mie a Lee, a <9 \ 
. | => Je \ > aS SoS TYAS 
, SS oy SS. _ Le HS x a 
SMELL-MOULDED CENTRIFUGAL EXTRUSIONS SANO FABRICATIONS SHEET MACHINED FORGINGS yO e 
CASTINGS CASTINGS CASTINGS ; AND PLAT PARTS ING 
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PROTECTS and 
BRIGHTENS 
ZINC at 
LOWEST COST YET 


LUSTER-ON 52 POWDER is a low, 
low priced single dip, no-leach con- 
version coating for zinc plated sur- 
faces. 


LUSTER-ON 52 POWDER was fre- 
cently developed by The Chemical 
Corporation for automatic equip- 
ment where facilities are not 
available for added leaching and 
rinsing. 


LUSTER-ON 52 POWDER gives a 
bright bluish hue; provides lasting 
corrosion protection against stain- 
ing, tarnishing and white powder 
products. 


LUSTER-ON 52 POWDER can now be 
used in cases where cost has pro- 
hibited use of chromates in the past. 
For instance, electrical conduit, 
conduit boxes, screws and builder’s 
hardware, tools, electronic parts, 
air conditioning parts, automotive 
parts, cheap toys. 


LUSTER-ON 52 POWDER is not only 
low, low in price, but eliminates 
expensive handling, space-consum- 
ing storage and carboy deposits. 


Still available, of course — time- 
tested Luster-On liquid dips and 
coatings for all your needs. 


Data Sheets and Prices on Request. 
Send in part for free processing. 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 


Canadian Licensee: Alloycraft Ltd. 
Montreal 


"Ch ° 


CORPORATION 


67 Waltham Ave. ¢ Springfield 9, Mass. 
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ices, Dept. of Commerce, Wash. 25, 
D. C. Price 75¢ (PB 121683) 

Strength and elastic properties of 
a typical polyester laminate rein- 
forced with 181 glass fabric are 
shown to be equal to or higher than 
properties of polyester laminates re- 
inforced with H.M. 18 (high modu- 
lus) glass fabric. Tensile, compres- 
sion and flexure test values are given 
for each laminate. 


Soldering of aluminum  ULTRA«- 
SONIC SOLDERING OF ALUMINUM. J. B. 
Jones and J. G. Thomas, Aeroproj- 
ects, Inc. Feb ’55. 68 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Wash. 25, D. C. 
Price $1.75 (PB 121551) 

Successful application of ultrasonic 
soldering techniques to aluminum is 
demonstrated in this report. Ultra- 
sonic techniques proved effective in 
fluxless tinning with all of the solder 
alloys. The report gives details of 


t 


Design and 
Development 
Engineers: 


Check your Bhiheco 
DESIGNS with 


and economically... 


ultrasonic exposure time and solder- 
ing temperature relationships. Also 
studied are the effects of joint con 
figuration and filler metal thickness 
on joint strength. 


Finishes for nylon RESEARCH AND 
DEVELOPMENT OF ABRASION RESIST 
ANT TREATMENTS FOR NYLON WEB 
BINGS. G. Thomson, J. S. Panto, M. J 
Coplan and E. R Kaswell, Fabric 
Research Laboratories, Inc. June ’56. 
79 pp, tllus. Available from Office of 
Technical Services, Dept. of Com- 
merce, Wash. 25, D. C. Price $2 
(PB 121494) 

Evaluates commercially available 
water dispersions of different types 
of resins such as acrylic, acryloni 
trile, natural rubber and silicone as 
finishes for nylon webbings. Web- 
bings treated with one particular 
silicone emulsion were superior to 
all other treated samples in abrasion 
resistance, low temperature flexibility 
and resistance to heat aging. 


Steel outlook COMMERCIAL OUT- 
LOOK FOR STEEL—1957-1960. 100 pp. 
Avatlable from Herman B. Director 
Associates, 1511 K St., Wash. 5, D.C. 
Price $10 

This report reviews the entire 
steel situation for the four-year peri 
od, 1957 through 1960. It is supported 
by over 50 statistical tables and 
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The I-S short run department can save you 
time and money in the planning stage or whenever 
production quantities required are limited. 
Precision springs in small lots are produced quickly 


designers can check springs 


for performance and design prior to ordering production 
runs. If you have a problem, ask I-S specialists for a 
recommendation on your specific spring applications, 


Specify |-S Beryllium Copper Springs 
for High Strength and Endurance: 
For further information on I-S Micro- 
Processed Beryllium Copper Springs, 
consult Sweet’s Product Design File 

or write for our latest Catalog. 


++ PROCESSED” 


BERYLLIUM COPPER’ SPRINGS 


INSTRUMENT SPECIALTIES CO., INC. 
224 Bergen Bivd. « Little Falls, N.J. 


Telephone: Little Falls 4-0280 


For more information, turn to Reader Service card, circle No. 430 
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New! 


SPECIAL PURPOSE LOOM 
SPECIAL ROLLS REQUIRED 

















New 380” dryer 
felt loom manu 
factured by South- 
eastern Loom and 


~ Machine Works, a 











Division of Abney 
Mills. Manufacturers 




































CIPCO 


cpu STEEL TUBES 


Rolls in this 380” Southeastern loom, designed 
for weaving thick dryer felts for the paper 
industry, must stand extremely heavy loading. 
Minimum roll deflection and run-out are vital 
to successful operation. 

The long length necessary—33'6”— imposed 
a requirement for unusual dynamic balance 
and dimensional stability in these rolls. 

Southeastern Loom and Machine Works, a 
Division of Abney Mills, selected AciIPpco cen- 
trifugally spun steel tubes for the let-off and 
take-up rolls in this new loom. Because ACIPCO’s 
centrifugal process produces tubes with inherent 
dynamic balance and dimensional stability, and 
because they can be produced in the longer 
lengths now being specified by modern equip- 
ment manufacturers, the selection was right 
from the start. 

When function and design set up unusual or 
difficult requirements for the tubular steel or 
alloy iron parts in your application, call on 
acipco. You'll get a combination of expert 
technical assistance, manufacturing compet- 
ence and high quality centrifugally spun tubing 
that produces successful results. 





/\ PERE Are 
CAST IRON PIPE Co. 


) Special Products Division 
UBIRMINGHAM 2, ALABAMA 


Austin-Hastings Co., Inc 


For more information, turn to Reader Service card, circle No. 494 


of special machinery 
for the textile and 
paper industries, 
Southeastern recently 
completed installation of 
four heavy-duty looms of 
o type formerly success 
fully manufactured only 
in England. 


Let-off and take-up rolls in this Southeastern dryer felt loom were 


fabricated from ACIPCO centrifugally spun tubing. Large rolls 
are 33'6" long, with 102"' OD and 22" wall thickness. 


VERSATILE ACIPCO 
CENTRIFUGALLY SPUN STEEL TUBES 






are used in the manufacture of calender, en- 
graving, press, slitter, rewinder, plate cylinder, 
squeeze and starch bath rolls, as well as in 
hundreds of other industrial applications. 


SIZE RANGE: Lengths up to 410” to meet 
modern machinery requirements have been pro- 
duced. OD’s from 2.25” to 50”; wall thicknesses 
from .25” to 4”. 


ANALYSES: All alloy grades in steel and cast 
iron, including heat and corrosion resistant 
stainless steel; plain carbon grades and special 
non-standard analyses. 







DISTRIBUTORS 


J. M. Tull Metal & Supply Co. 


226 Binney Street 285 Marietta St., N.W 








Cambridge 42, Mass. Atlanta, Georgia 
Peter A. Frasse and Co., Inc. C. A. Roberts Company 
17 Grand Street 2401 Twenty-fifth Avenue 
New York 13, New York Franklin Park, Ill. 
Lyman Tube & Bearings, Ltd. Strong, Carlisle & Hammond Co. 
920 Ste. Sophie Lane 1392 W. Third Street 
Montreal 3, Canada Cleveland 13, Ohio 
Vinson Steel & Aluminum Co. Ducommun Metals & Supply Co. 
4606 Singleton Blvd. 4890 So. Alameda St. 
Dallas 7, Texas Los Angeles 54, California 




















JULY, 1957 « 229 


A 
QUARTER MILLION 
“STEPS” 

IN THE 
RIGHT 


DIRECTION... 


Today's Modern Miner does BETTER 
with UNITCASTINGS|! 








Real proof of the continuous high quality of Unitcastings is 
the fact that more than 99 percent of the total production of 
250,000 treads has been accepted! 


Continual operation in underground grit and dust subjects 
mining machinery treads to extreme abuse. Replacement is 
difficult and expensive, particularly on this section of the 
equipment, and parts must be made to last! 


For over a decade; the abrasion-resistance quality of Unit- 
cast’s T-Loy 34 has answered this tread problem—as well as 
many other special parts for the same equipment. 


Take a step in the right direction, too—you’ll do better with 
Unitcastings! They’re Engineered! 


UNITCAST CORPORATION ~* Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 











SPECIFICATION 


Unitcast cco 





VAY 


For more information, turn to Reader Service card, circle No. 493 
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charts showing the supply-demand 
picture for steel during this period. 
According to the report, the steel 
industry will bring into production 
146 million tons of ingot capacity 
by 1960 with emphasis on _ steel 
structural shapes, plates and tubular 
goods. The report contains a simple 
method for estimating steel demand 
for various levels of economic ac- 
tivity. 


Aluminum alloy MECHANICAL PRop- 
ERTY, CORROSION AND WELDING 
STUDIES ON 6066 ALUMINUM ALLOY. 
J. D. Wood, Wright Air Development 
Center. June ’56. 36 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Wash. 25, D. C. 
Price $1 (PB 121497) 

An evaluation of aluminum alloy 
6066, an aluminum-magnesium-sili- 
con-copper-manganese-chromium l- 
loy. Rolled sheets of the alloy have 
strength properties almost equal to 
strength properties of extrusions. 
Stress corrosion life exceeds 2900 hr, 
although elongation decreases to 
about 2% after exposure. The alloy 
should be protected against severe 
corrosive media by cladding, anodiz- 
ing or painting. 


Steel casting techniques STEEL 
CASTING TECHNIQUES. Massachusetts 
Institute of Technology. Feb ’54. 40 
pp. Available from Office of Techni- 
cal Services, Dept. of Commerce, 
Wash. 25, D. C. Price $1 (PB 111914) 
Discusses hot tearing of steel cast- 
ings in terms of tearing tempera- 
tures and stresses. Tearing stresses 
of plain carbon steels of various 
compositions were measured from 
1700 to 2500 F. Describes how deoxi- 
dation practice, and manganese, sili- 
con, carbon, sulfur and phosphorous 
contents affect the properties of steel 
castings. Metallographic examina- 
tions were made of different types 
of hot tears and nonmetallic inclu- 
sions. 


Stainless steel cracking FURTHER 
STUDIES ON STAINLESS STEEL HoT 
CRACKING. P. P. Puzak and H. Ris- 
chall, Naval Research Lab. Nov ’56. 
12 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Wash. 25, D. C. Price 50¢ (PB 
121569) 

Results of this study support a 
hypothesis drawn from_ earlier 
studies that grain boundary liquation 
is responsible for base metal hot 
cracking. Additional findings for a 
type 347 stainless steel were com- 
pared with the properties of a stand- 
ard 304 stainless steel. 
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by H. R. Clauser, Editor 


Coming—dAnother Awards Competition 

Below is the plaque presented to F. L. Talcott 
of Westinghouse Electric Corp. at the dinner in 
New York City honoring the winners in our 1957 
Awards Competition for Best Use of Materials 
in Product Design. As first award winner he 
also received a check for $500. Most of the other 
15 award winners also attended personally to 
receive their prizes. 

We were pleased to hear many favorable com- 
ments about the awards program at this affair 
as well as at our Design Engineering Show booth 
where the winning entries were displayed. Plans 
are now being made for this year’s competition, 
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AWARDS COMPETITION -1957 


for the Best Use of Materiais in Product Design 


First Award 


FL. Talcott 


Westinghouse Electric Corporation 











For developing o new bosic design for refr.gerator walls through the sound 


and imaginotive use of plastics foam sandwich construction 











so it isn’t too early to start thinking about you 
entries. Details will be published in our Septen 


ber issue. 


How Much ‘General Interest’? 

Should an engineering magazine run nontec} 
nical articles of general interest on such subjec 
as “how to read technical magazines faster,” ¢ 
“how to remember facts and figures”? We hay 
been asking ourselves this question for a lon 
time. My personal feeling has been that, as a 
engineering magazine, we should stick prett 
closely to our technical coverage and let the gen 
eral circulation magazines use their space on 
articles of this type. But some of my colleagues 
disagree, and the trend in business papers seems 
to be opposite to my view on the matter. For 
example, an engineering magazine recently had 
an article on how an engineer should dress. How 
do you, the reader, feel? 

Drop us a post card or a letter and give us 
your opinions or suggestions. If the response 
indicates a wide enough desire for general inter- 
est articles we could be persuaded to do some- 
thing about it. 


A Dissent, An Answer 

My Last Word item in May mildly protesting 
the $125 fee charged to attend the titanium sym- 
posium, sponsored by the Metals Engineering 
Institute of the American Society for Metals 
and held during the Western Metal Congress, 
ruffled a little fur here and there. One corres- 
pondent drew our attention to similar sympo- 
siums held at New York University with about 
the same fee, and suggested that we therefore 
also criticize NYU. This comment misses the 
main point I tried to make. My principal objec- 
tion was to “holding special symposia for which 
there is a high admission charge during an 
otherwise open and free convention.” If and 
when any university sponsors activities at tech- 
nical society meetings for which they charge any 
such fee I will certainly enter my protest. 


A Bouquet 


One of the youngest of the many trade associ- 
ations concerned with materials and forms is the 
Investment Casting Institute. Since its incep- 
tion in 1953 it has done, in four years, what has 
taken a considerably longer time for many other 
trade associations to accomplish. At its recent 
annual meeting it issued an engineering and 
design manual providing detailed information 
for present and potential users of investment 
castings (see p 207). Even before this, the 
association produced a number of data sheets 
which have now been incorporated in the manual. 

This is an example of trade associations at 
their best, and it illustrates what ar industry 
can do when it unites to help its customers in 
order to help itself. 
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